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ABSTRACT 
To provide input and control, wearable computer solutions must replace the familiar 
desktop interface devices of keyboard and mouse with specialized hardware. While 
successful wearable input solutions have been developed for domain specific applications, a 
standard input interface for general purpose wearable computing has yet to emerge. The steep 
learning curves of the solutions proposed thus far are one of the factors keeping wearable 
computing out of the mainstream. This thesis proposes a new input and control approach that 
increases wearable computing usability by integrating several commonly available devices 
into a comprehensive system. The proposed system integrates commercial, off the shelf 
(COTS) hardware together with generalized software applications that increase the usability 
and general utility of a wearable computer. 
The system consists of a wearable computer, a clip-on microdisplay eyepiece and a 
standard PDA (Pocket PC). Both the computer and PDA are equipped with wireless network 
cards. The PDA is used to drive text input and control the pointing device of the wearable 
computer. The wearable runs a set of software applications designed to provide continuous 
information access in a non-intrusive manner. One application presents a user with a 
continuous scroll of new content which can be attended to at the user's discretion. The 
content can be either previously stored data or dynamically retrieved from any online 
sources, and can range from news feeds and stock quotes to calendars and weather reports. 
The PDA is used as a multi-modal interface which allows the user to view and interact with 
the scrolling content either on the clip-on display or on the PDA. New content can be added 
to the user's persistent digital store at any time. In this model, a user's digital information 
IX 
store is backed by multiple tiers of infrastructure. The primary store of information is 
maintained on the user's home or work computer, which would typically contain the bulk of 
a user's stored digital assets. A subset of these assets may be cached on the wearable 
computer to provide rapid access. Similarly, a smaller cache can be maintained on the PDA, 
which has the most limited data storage capabilities. A private, peer-to-peer data sharing 
program, the Tangle, was developed to fuse these multiple data sources into a single, 
searchable repository. Tangle also provides easy access to the digital assets of other, trusted 
Tangle users. Tangle makes it easy for virtually any content that a user encounters while 
using the system to be easily added to the user' s persistent data store. 
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CHAPTER 1. INTRODUCTION 
The term wearable computing refers to any computing device which can be carried 
with a user and operated at any time [11]. The first wearable computer was created in 1955 
by Thorpe and Shannon to predict roulette results [12]. Since then, a wide variety of 
computing, display and input devices have been developed to provide users with a pervasive, 
ubiquitous computing experience. 
In its most general form, wearable computing encompasses a broad array of tools 
ranging from single purpose devices such as cell phones and MP3 players all the way up to 
general purpose portable computing devices such as laptop computers. The ultimate goal for 
all such devices is to provide a needed service or application to the user in the most 
convenient form factor possible, a form factor that allows the user to conveniently carry the 
device and use it in a wide variety of circumstances. 
As computing devices decrease in size, the range of services that can "fit" into any 
given form factor increases, allowing for more powerful, more capable, more versatile 
wearable computers. However, as the range of services a device provides increases there is a 
corresponding increase in the complexity of the device's interface. This complexity can pose 
a barrier for users who aren't willing to, or don't have the time to, learn the intricacies of a 
new device. 
Interface design is crucial to overcoming this barrier, for example, by basing the 
interface of a new device on a familiar tool. A person unused to a cell phone may not 
understand how to access all of its functionality (e.g. text messaging, web access, games, 
etc.), but could figure out how to make calls relatively quickly because of their familiarity 
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with telephones. In the case of a PDA or palmtop device, a user's familiarity with a regular 
desktop computer interface provides the necessary background to ease the learning process. 
While standards have begun to emerge for single purpose devices such as cell phones 
and MP3 players, and the WIMP standard has long existed for desktop computers, no similar 
interface standard exists for wearable computers. 
1.1 Wearable Computers 
There are 3 main components common to almost every computer: 1) a processing 
and storage unit capable of running commands and storing data, 2) an input device that 
allows the user to interact with the computer, and 3) a display device that communicates the 
current state of the computer to the user. In the context of this thesis, a "wearable computer" 
includes a processing and storage unit that is either worn or carried by a user and is powered 
on at all times. This could be either a commercially available wearable unit [32, 33, 34] or 
even a simple laptop computer carried in a carrying bag or backpack. For the purposes of 
this discussion, a wearable computer must also have a display that is visible to the user at all 
times. This can be accomplished in a variety of ways, from commercially available 
monocular displays that clip onto a pair of glasses [Figure 1, left] [13] to custom displays 
such as the one shown in Figure 2, that is built into the sleeve of a jacket [Figure 1, right] 
[14]. 
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Figure 1. Commercial display (left) and prototype arm display (right) 
Finally, a wearable computer must have an input device that allows the user to input speech 
or text, make selections, and otherwise control the device. Examples of common wearable 
input devices include handheld mice[8, 9], portable keyboards[l , 2, 3, 5] or combination 
devices such as the Twiddler [ 4]. 
1.2 Purposes of Wearable Computing 
Wearable computing has been successfully applied in a wide variety of application 
domains including inspection, maintenance, manufacturing, navigation, remote collaboration, 
situational awareness, and language translation [15, 16, 17, 18, 19, 20]. The areas of use are 
diverse but generally fall into one of three categories: application-specific use, general use, 
and context-aware use. Figure 2 shows the overlapping nature of these categories. 
Figure 2. Venn diagram of wearable computer target applications 
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Application-specific use of wearable computers is by far the largest category. For 
example, chances are the last rental car you returned was checked in by an attendant 
equipped with a wearable computer. Wearables in this category are designed for a single, 
specific use. Through a combination of specialized input and display devices, driven by a 
custom software application, application specific wearables allow a user to more efficiently 
accomplish a particular task. The design of these systems can take advantage of the restricted 
task domain to create highly optimized input and display methods that streamline the 
performance of the task at hand. However, because these tools are designed for specific and 
narrow purposes, they are poor models for general purpose computing. The rental car check-
in computer does an efficient job of checking in cars; but it would be impossible to perform 
even a simple general task such as surfing the Internet or sending email. 
The second category is general use. These systems are analogous to the desktop or 
laptop computers we have become familiar with. A general use wearable is not designed for 
any particular purpose, but instead allows its user to run a range of applications that changes 
over time, using a consistent and adaptable user interface to control them. In the same way 
that the windows, menu, icon and pointer (WIMP) paradigm provided a standard mouse, 
keyboard, monitor and speaker based interface to the widest possible range of software 
applications, a general use wearable should provide an interface specifically adapted to the 
wearable platform that presents the user with a consistent interface to a wide and adaptable 
range of software applications. At present however, general use wearable systems simply 
mimic the WIMP interface originally designed for desktops, replacing the keyboard and 
mouse with portable versions. 
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The third category, context aware use, spans both the application-specific and general 
use categories. Context aware applications make use of location and other contextual clues 
to increase their utility. Using external sensors, a wearable can gather data about its 
surroundings and fuse that knowledge with other information to provide more meaningful 
information to its user. These sensors include devices such as global positioning system 
(GPS) receivers, digital compasses, cameras, biofeedback devices, or microphones. In 
context aware applications, these sensors are an integral part of the overall system; without 
them, applications in this category cannot function. Application-specific uses of context 
awareness include navigation, language translation, and situational awareness. Context 
aware computers can also be designed to be of a more general use, such as a computer that 
uses GPS to provide a map to a user. 
1.3 Motivation 
Although wearable computers have been in existence in some form or other for more 
than fifty years, they are still far from pervasive. Unlike other technologies of more recent 
vintage -- such as cell phones, portable DVD players, and PDAs -- wearables have yet to 
capture a significant market segment. In 2005, when we walk down the street we readily see 
people using cell phones, laptop computers and portable DVD players. A wearable computer 
user on the other hand stands out like a sore thumb. Even though wearable computers have 
been around as long as laptop computers, and have benefited from the same technological 
trends (miniaturization, decreased cost, exponentially increasing capability), laptop use has 
exploded while, outside of specific application domains, wearables continue to be nothing 
more than a research curiosity. 
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There are four factors that contribute to this lack of acceptance of wearable 
computers: poor marketability, poor usability, inadequate applications, and a general social 
stigma concerning the way a person looks while wearing one. Solutions to these problems 
have been attempted by many researchers [54, 55, 56], but despite over a decade of research 
wearable computers are still far from pervasive. 
The cost of a wearable computer is certainly a major hurdle. In 2005, a low end 
wearable computer costs over $3,000 while a high end computer with a high resolution 
display will cost closer to $10,000. Many wearable researchers make claims like "as the 
wearables become more popular the price will drop" or "because the technology keeps 
getting better the price will eventually come down" [68]. Statements like these are 
fundamentally flawed, because they assume that there is already an established market for 
wearable computers. In point of fact, there is not. 
In his book Crossing the Chasm, [69] Geoffrey Moore outlined the Technology 
Adoption Life Cycle for new technology [Figure 3]. The life cycle is, in a nutshell, the "life 
force" of the technology. It is the momentum that builds around a new technology, which 
starts slowly and builds up until eventually it either has enough force to break into the 
mainstream market of everyday consumers and become successful, or it runs out of steam 
and falls by the wayside. 
According to Moore, the life cycle for any technology starts with a group of 
enthusiasts he calls the Innovators. The Innovators are the small segment of society who 
pursue new technology aggressively, for its own sake. They purchase new technology 
simply for the fun of exploring the device's properties. They are willing to look past the 
problems of buggy software, poor documentation, and little or no technical support. If a 
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technology is successful with a group of Innovators, it can attract the attention of a somewhat 
larger group of people Moore calls the Early Adopters. Early Adopters are similar to 
Innovators in the sense that they appreciate and enjoy new technology. They differ from 
Innovators because they are more goal-driven. Instead of simply playing with new 
technology they attempt to relate a new technologies' potential benefits to their current 
problems or concerns. If they find a strong match, Early Adopters are willing to base their 
buying decisions on it. 
Figure 3. Technology Adoption Life Cycle 
The next largest group of buyers in the market are a group Moore calls the Early 
Majority. This group shares some of the Early Adopters' enthusiasm for new technology but 
are even more pragmatic. When the Early Majority buy something, they want to be certain it 
won't be a passing fad. The Early Majority base their buying decisions on well-established 
references. The Early Majority realize that new technology will ultimately have to co-exist 
with their current or legacy technology. 
According to Moore's analysis of successful technology products, attracting buyers in 
the Early Majority is critical to product success. The Early Majority represents a large 
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population of buyers and their positive references are the gateway to the rest of the market 
segments, Moore ' s Late Majority and the Laggards. 
The Late Majority do not mind new technology, but they are not willing to move on 
it until it is well established. They might know the product is innovative, but they want to be 
sure that the product is well tested and has a good support base to turn to when problems 
arrive. They want to see established standards in place and want to be sure of a technologies ' 
interoperability with their legacy systems. Finally there are the Laggards. The Laggards 
don't like technology. They are hopelessly entrenched in their old ways and will never buy 
new technology even after it has been surpassed by several generations of newer technology. 
The only time they purchase new technology is when they are unaware they are doing so 
because the technology has been embedded into some other device, the way a computer 
might be embedded into a vehicle. In short, the Laggards will avoid new technology until it 
is forced upon them from all directions. 
In discussing the Technology Adoption Life Cycle, Moore showed that while many people 
believed the life cycle was continuous, as shown in Figure 3, in fact there was a significant 
gap, or chasm, between market acceptance by the Early Adopters segment and by the Early 
Majority [Figure 4]. Moore found that many products which found solid acceptance and 
enthusiasm among Early Adopters were unable to attract the attention of an Early Majority 
audience. These products ultimately failed. 
The chasm, he claims, is where many companies fail because they do not realize the 
fundamental differences between the two groups. The fundamental difference between the 
Early Adopters and the Early Majority is that Early Adopters are expecting a discontinuous 
innovation whereas the Early Majority are not. 
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A discontinuous innovation is a product which requires the user to change their 
behavior. An example of a discontinuous innovation is the introduction of electric cars. In 
order to use an electric car, a user must make significant changes in their daily behavior. 
They can no longer go to the familiar gas station to get fuel whenever and wherever they run 
low. Instead, they must have the foresight to charge their car sufficiently before a trip, or else 
find somewhere to plug in the car and wait while the fuel cells recharge. A continuous 
innovation, on the other hand, is more like buying a new dishwasher detergent that promises 
less water streaks. To take advantage of the innovation, the consumer does not have to 
change the way they do the dishes. The willingness to change behavior is what separates the 
Early Adopters from the Early Majority. While Early Adopters are willing to change 
behavior for benefit, the Early Majority generally are not. 
Figure 4. Revised Technology Adoption Life Cycle 
A survey of the current literature on wearable computers shows that many people 
believe that wearable computers are poised to make the big break into the mainstream 
market.. This would mean that the Early Adopters have embraced the technology and now is 
the time to push for mainstream acceptance. Steve Mann, a professor at University of 
Toronto and a well recognized researcher in the field of wearable computers said: "We're at a 
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pivotal era in which Wearable Computing is emerging into the mainstream" [50]. That quote 
was dated 2001. If wearables were truly emerging into the mainstream, in four years they 
should have gotten there by now. The truth is that wearable computers are still in the 
Innovator stage, being played with like toys but not taken seriously [29, 77]. 
A principal reason for this lack of acceptance of wearable computers is that wearable 
computers are a discontinuous innovation. To adopt a wearable solution a user must 
significantly change the way they interact with their machine. They can no longer interact 
with the computer using the familiar keyboard and mouse because those devices are not very 
adaptable to a mobile user. In addition, they must also change the programs they use, or at 
the least, be willing to adapt to seeing the same program in a different way. Most wearable 
computer displays have a resolution of 640x480. That is the lowest possible resolution 
setting on a normal computer. In fact, on Windows XP, that setting isn't even available on 
the normal Display menu, it must be found by navigating through a series of complicated 
submenus to get to the option to unlock that resolution. The reason for this is obvious: most 
programs can not be used very efficiently at that resolution. Some programs can barely be 
used at all because the menus and tool bars take up almost the whole display. 
Finally, and perhaps most importantly, the user must be willing to change their 
appearance, the way they look. This change is critical because not only must a user accept it 
while they are using the computer, but even when they are not using it. A wearable computer 
is designed to provide a user with constant availability. That requires the computer to be 
always on, and always on the user. Even when the user is not consciously using the 
computer, it is still on them, still affecting the way they look to themselves and to others 
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around them. Wearables are yet to cross the chasm, in no small part because no wearable 
product has been designed that makes its users feel and look cool. 
The goal of this research is to design a general purpose wearable computing system 
that would be useful and desirable for the average computer user. For this to happen, the 
advantages (convenience, ubiquity) of using wearable computers must outweigh the 
disadvantages (cost, social aversion). The wearable computer is examined from perspective 
of an Early Adopter. The capabilities of a wearable computer are compared to the needs of 
the Early Adopter and the projected needs of the Early Majority. A system is proposed 
which is designed to minimize the negative impacts of the wearable computer while 
maximizing its usability and usefulness. 
1.4 Scope and Context 
We begin with a review of previous studies of wearable computer usability. This 
review includes an examination of various wearable input devices, with special attention paid 
to devices that are currently commercially available. We also review several wearable 
computer applications and research projects aimed at general-purpose use. Finally, we 
review the range of wearable computers and displays that are currently available 
commercially. 
Based on this review, we will describe a wearable system design that fuses a PDA, a 
wearable processor and a desktop computer into a three tiered architecture to provide usable 
general purpose wearable computing. The PDA provides detailed text display, convenient 
text input and pointer control. The wearable provides additional storage and processing 
power, and drives the continuously available wearable display. Finally, the desktop (which is 
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happily not worn, but tucked safely away at home) provides long term, large scale storage 
and indexing. The system is integrated with a custom set of software applications to provide 
seamless connectivity and an example of general purpose functionality. Finally, we will 
discuss the usability of this system, as well as the social price that comes with using a 
wearable. 
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CHAPTER2.BACKGROUND 
2.1 The Problem of Content 
If wearable computers are going to be accepted they must have a reason to be worn. 
In other words, the wearable must provide a solution to an existing problem. This solution 
must be sufficiently compelling that a user can justify the expense, overlook the 
inconvenience of carrying additional equipment, and deal with whatever social aversion the 
system engenders. The ultimate goal would be to have something so useful that a user 
would not only wear the computer, they would not want to be without it. Clearly, cell phones 
have met this test. The cell phone solves a communication problem, and provides enough 
value that a user is willing to pay for the cell service, carry the phone with them, and 
willingly incur the wrath of fellow diners, drivers and theater goers . In order to reach 
ubiquity, the wearable computer must offer a combination of service and form factor, such 
that the inconvenience and expense of the form factor is outweighed by the utility of the 
service provided. 
One possible service is access to, and management of, digital content. A major 
problem facing today's digital culture is one of content. The amount of data being produced 
grows exponentially each year. In 2002, about 5 exabytes of new information was produced, 
which is roughly equivalent to all the words ever spoken by human beings [21 ]. With so 
much data being produced each year it becomes difficult, even impossible, to keep up with it. 
There are many sources of information available to the average person. These sources 
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include the time honored ones of course: conversations with our friends and coworkers, 
electronic media such as television and radio, and printed media such as books and journals. 
However, people are increasingly turning to the Internet as the central source du jour for their 
information. Blogs, news feeds, forums , IRC, newsgroups, and websites are only some of the 
places that a steady flow of information can be found online. 
The sheer volume of information available makes finding a particular item of interest 
relatively difficult. Search engines have helped tremendously in this regard by allowing 
people to search for information using words or phrases that describe the content they are 
looking for. Search has become fundamental to the internet, where imposing an ordering or 
categorization of content is next to impossible. Once important data is found, users often 
save that data for future use. The data becomes valuable to the user, in large part because of 
the time the user has invested in finding it. After a period of time a user will have acquired a 
significant volume of valuable data which is now stored on the user ' s computer in the form 
of content such as saved documents or web site bookmarks. Examples of this include digital 
music libraries, an archive of papers and articles related to a research topic, a user's email 
correspondence, or an archive of digital photos to mention just a few. As the size and scope 
of this stored content grows, a user's personal computer begins to look like the internet: an 
unorganized, voluminous collection of valuable, interrelated data. Imposing organizing 
hierarchies on this data, in the form of file folders and directory structures, becomes 
increasingly time consuming as the volume and diversity of data grows. Valuable 
information can come to the user in the form of emails, web sites, instant messaging 
conversations, and documents created in a variety of formats. This amalgam of data becomes 
impossible to organize on a global level because the data resides in different locations and 
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different formats. Users attempt to stay organized by maintaining the organization at distinct 
levels. For instance, their bookmarks, emails, contact lists, and documents may all be 
organized as groups of different data. Currently there is no method to allow the seamless 
integration of all these data types which precludes the possibility of organizing all of the 
user's collected data as a whole. This problem is further compounded by the fact that many 
of today's users have multiple computers: a home computer, a work computer, and perhaps 
also a laptop or a PDA, all of which contain segments of a user's digital assets. Providing 
simple, secure, seamless access to all of these assets, across all of these computing resources 
is currently an unsolved problem. 
One solution to the personal information management problem is to give up on 
attempting to organize the data and instead follow the lead of the internet. Applying internet 
search engine technology to a user's digital archive allows them to search for data using 
keywords and phrases. This removes the burden of maintaining organized content structures 
while still providing access to all of the content from all of the data sources. Emails, 
bookmarks, and data files from a variety of formats can all be integrated into a single 
collective index which can be searched on by the user. This solution has, in the past six 
months, begun to be offered by all of the major internet search engine companies. Google, 
HotBot, Ask Jeeves, Yahoo, AOL, and MSN have each released desktop versions of their 
internet search engines. Standard features for these programs is the ability to search inside 
documents and files, emails, and instant messenger chat conversations. However, none of 
these new solutions has addressed the problems presented to users with multiple personal 
computing resources. 
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2.2 Why Wearable Computers? 
In the literature and in the wearable research community, the wearable computer is 
touted as "next big thing." Some have even compared wearable computing to the internet, 
claiming that it will.fundamentally change the way we live our lives [22]. The image of an 
augmented human, constantly in communication with the worldwide computing grid seems 
compelling and full of promise. 
And yet, despite a 50 year history, wearable computing is still far from the 
mainstream. While cell phones, laptops, PDAs, portable DVD players, I-Pods, mp3 players 
and all other manner of new, portable computing devices are flying off the shelves at the 
local Best Buy, wearables remain at the fringes of society. 
Leaving aside the hype about wearable computing's potential, what is a wearable 
computer? In a sense, a wearable is nothing more than a laptop computer, without the 
integrated display, CD-ROM drives and other devices that come with a laptop for the same 
price. The same technology curves govern the progress of wearables and laptops - the 
increase in battery life, the increase in heat, the decrease in platform size. Given the clear 
success of laptop computers in the marketplace, why would we ever expect consumers to 
bother with a wearable computer when their laptop computer can perform all of the same 
functions?. Perhaps wearable computing is simply the InteractiveTV [70] of this decade: an 
idea that seems like a natural extension of a particular technology but which is doomed to fail 
because of its poor marketability. 
There are many factors that contribute to the long-term success of a particular 
technology, but perhaps the most critical to widespread success is that a technology must be 
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useful to a broad segment of the population In order for a technology to "cross the chasm", it 
must serve a definable need, alleviate a particular kind of consumer pain or create a particular 
kind of consumer delight in a superior way. 
What can wearables bring to the table that laptops and other forms of computing do 
not? The answer is constancy. Unlike laptops or PDAs, the virtue of a wearable computer is 
that it is always on and always ready. In theory this ubiquitous availability should translate 
into dramatic improvements in ease of use, a significant decrease in the time, energy, and 
trouble it takes to access or create information. 
The evolution of human computer interface is marked by a decrease in the distance 
between man and machine, a distance measured both in terms of space and time. Reductions 
in these distances have signaled dramatic increases in utility and capability. Keypunch users 
once traveled miles, to special rooms that allowed them to create card decks fed to isolated 
machines. Information requests were satisfied in hours or days. The advent of computer 
terminals reduced those times to minutes. Modems reduced the distances to feet. In today's 
computing environment, the laptop and PDA allow us access in seconds. But the wearable 
seems to promise an interface that is almost inside your head, almost instantaneous in time. If 
attained it could simplify many forms of communication and information access, squeezing 
the last few seconds out of each transaction. What's the holdup? 
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CHAPTER 3. REQUIREMENTS FOR A WEARABLE COMPUTER SOLUTION 
There are many facets to a wearable computer. Measuring the success or failure of an 
application is tightly coupled to the task that the application was designed to accomplish. 
Much of the previous and current research uses tightly defined tasks to measure the results 
against [ 16, 17, 18]. In general, this is a good practice not only because it helps keeps the 
research focused but also because it provides an easy means for judging success or failure. 
The research presented here, however, deviates from that path in order to ask a more global 
question. The goals for this research are, as a result, somewhat less rigorously defined. This 
method was chosen because the overall goal of creating a usable wearable computer is a 
broad one. If the focus of this research were to be placed on only a single aspect of that goal 
then the progress made toward the overall goal would be correspondingly small. In order to 
effect a larger change, the goals for this research are intentionally lofty, with the assumption 
that creating a perfectly usable system is not an attainable goal, but is instead a marker on the 
horizon which is constantly strived for. 
To that end, the goals for this research are to create a wearable solution package that 
is easy for any individual to use, regardless of technical expertise. In addition to general 
usability, it must provide a set of meaningful applications that highlight the strengths and 
minimize the weaknesses of a wearable computer, when compared to currently available 
computer solutions. Finally, the equipment used must be readily available commercially. 
This requirement ensures that the solution will be within reach for an average computer user 
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as well as making it possible for others to reproduce the system without needing to replicate 
prototype equipment. More specifically the design goals are: 
• Usable Interface - The interaction with the wearable must be easy and intuitive. 
• General Applicability - It must be useful for an average computer user. 
• Stylish - It should be minimally intrusive to outward appearances. 
• Affordable - It should not rely on expensive or difficult to obtain hardware. 
Usable Interface 
Probably the biggest hindrance to wearable computers is their method of interaction. 
While most familiar, it would be prohibitively cumbersome to carry around a full-size 
keyboard and mouse. The wires that connect them are annoying and would get tangled or 
caught on protruding objects. Even if wireless, their size makes them unattractive options 
because of the difficulty in stowing and retrieving them. The fact that wearable computers 
are mobile devices further complicates matters. Since it cannot be assumed that the user will 
be sitting down when using the computer, the flat surface that we rely on with a desktop or 
laptop will often be unavailable. A mobile input solution needs to be realized which is easy 
to carry around yet retains as much of the user ' s familiarity with the regular keyboard and 
mouse as possible. 
General Applicability 
In order for a wearable computer to be usable for a large audience with varying 
degrees of technical proficiency, the applications it runs must be designed to the satisfy needs 
of a general audience. These needs will certainly vary from person to person but overall 
there are certain needs that every computer user has. Every computer user has data stored on 
their computer that they will want access to. A wearable computer provides a vehicle for 
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accessing that data. In addition to previously stored data, every computer user needs access 
to sources of new information. Often this source is the World Wide Web, but it may also be 
emails, instant messaging or IRC chat. There are many applications that a user can use to 
access new information, so a general use wearable should be designed so that it can 
reasonably run all of the applications that a desktop computer can run. Besides providing 
access to valuable new information, this strategy also minimizes the "usability shock" of a 
new computer by not requiring the user to learn new software before they can use a wearable 
computer. Finally, every computer user should be able to create new content on their 
computer. A wearable computer should be no different. Authoring new documents or 
writing replies to emails should be feasible. The extent to which a computer performs these 
functions could be used as a yardstick to measure the computer's general usability. 
Stylish 
While style is mostly a matter of personal taste, it is no secret that there are certain 
style guidelines that should be followed. If the wearable computer is gaudy or overly 
obtrusive it is unlikely that many will wear it, no matter how sleek the interface is or how 
useful the applications are. Therefore, some attempt should be made to reduce the "culture 
shock" of adding a wearable to your wardrobe. This can be done by examining current 
trends in other tech areas and applying those trends to the wearable device. The trend for 
most other portable computing devices, such as cell phones, MP3 players and PDAs, has 
been to minimize the size of the device. Given our other design constraints it may be 
impossible to achieve this goal completely because of technological barriers, but what can be 
done is to make the wearable as minimally intrusive as possible with the equipment that is 
available. 
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Affordable 
Apart from choosing wisely, there is little a researcher can do to lower the cost of a 
device. The only option for reducing cost is to choose devices that are already inexpensive 
or that are gaining in popularity in the hopes that the supply and demand curves will lower 
the cost of the device in the near future. While the market for wearable computers is growing 
[ref] it has not yet reached critical mass, the critical Early Majority. Therefore, the devices 
used in the wearable computer package should be sought out in other markets and then 
examined to see if they can be applied to a wearable computer. This would provide the 
researcher with devices which are common and cost-effective, but which might be slightly 
less usable than more expensive devices specifically designed for wearable computers. 
Commercial off-the-shelf devices have another advantage: they are familiar to a much wider 
range of users than specially designed controls would be. If properly utilized this can allow 
the researcher to lower the learning curve of a wearable. 
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CHAPTER 4. AVAILABLE SOLUTIONS 
4.1 Input Devices 
Input devices come in all shapes and sizes. There are many features by which these 
devices can be compared: wireless vs. wired, one-handed vs. two-handed, commercially 
available vs. prototype, etc .. In making our choice we considered a wide array of 
commercially available input devices. Prototype devices were not considered, as they would 
not be available to the public at large in the near term. In reviewing our choice for input 
device, it is perhaps easiest to list the potential candidates in order of the functionality they 
provide. Therefore the first units discussed provide text-only input, followed by text and 
pointer control, followed by only pointer control devices. For each device we provide a 
company name, a short description of the device and its features, including optional 
accessories if any. We also provide an analysis of the pros and cons of each device for our 
purposes, and finally an approximate cost. At the end of the chapter a table will be presented 
which summarizes the features of the various input devices. Finally, a summary will be 
presented about which device was eventually chosen for this project. 
4.1.1 Text Only Input Devices 
4.1.1.1 WristPC 
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Figure 5. The WristPC keyboard 
The WristPC [1] from L3 Systems features a full QWERTY keyboard which can be 
strapped to a users arm (either one) and can be operated with the other hand [Figure 5]. 
WristPC comes in either black anodized aluminum or colored plastic shell. The WristPC is 
approximately 6 inches long by 2.5 inches high and weighs approximately 9 ounces 
including the cable (WristPC is not wireless) for the aluminum version or 5 ounces for the 
plastic case model. WristPC is water resistant but is not waterproof (cannot be submerged, 
but the makers claim it will be fine in the rain or other harsh environments). Strangely, 
despite the name and outward appearance, the wrist strap for the WristPC is an optional 
feature that is not included by default. Other optional accessories include a padded case for 
storage and keyboard illumination for nighttime operation. 
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Although technically WristPC can be operated with one hand, realistically it is a two-
handed device because it would be difficult to do anything constructive with the one hand 
while the other hand is typing. Grasping and holding objects could be accomplished but any 
attempt to rotate the arm that the keyboard is strapped to would make it difficult to type. 
Writing with the free hand and typing at the same time would be almost impossible as this 
would cause contention for user's limited cognitive resources [22] . The keyboard is in the 
familiar QWERTY layout which would facilitate a large skill transfer for a touch-typist. 
However, the user can only use one hand to type so typing rates would be slower than regular 
two-handed typing. Also, the lack of any indicators on the 'home' keys (typically raised 
bumps are on 'F' and 'J') could impede a user who is not looking at the keyboard while they 
are typing. The WristPC costs $479 for the aluminum model, $249 for the plastic model. 
The backlight illumination option costs an extra $100. The wrist strap costs $30 and the 
padded case costs $35. 
4.1.1.2 FrogPad 
Figure 6. The FrogPad half-keyboard 
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The FrogPad [2] from FrogPad, Inc. is one of a number of similar devices that fall 
into the "half-keyboard" category [Figure 6]. The FrogPad is approximately 5 inches wide 
by 3.5 inches high and weighs 7 ounces. FrogPad comes in a wired version which is 
connected via USB or a wireless version which connects using a Bluetooth link. The 
wireless version has a battery which is charged using a USB cable. The FrogPad's battery is 
rated for 20 hours of continuous use or 120 hours standby and has a 2 hour charge time. 
FrogPad is used by holding it with one hand and typing with other. FrogPad can be used 
with either hand, however the key layout is designed for either left or right-handed use. 
Hence, FrogPad comes in either a left or right-handed version. FrogPad is a two-handed 
device when mobile, but could be used with one hand if the user is sitting down at a table or 
perhaps by resting it on the user's leg. FrogPad has an optional wrist strap that would make 
it very similar in operation to the W ristPC. 
This device and others like it reduce their overall size by only providing half of the 
normal keys. The other half of the keys are accessed by holding down a modifier key. These 
types of keyboards can either use a QWERTY-style layout or a speed-modified layout. 
Speed-modified layouts are common in the mobile arena. They take advantage of the 
principle that by placing keys that are most commonly used next to each other the average 
time to move from one key to another is reduced, thereby increasing the overall speed of the 
device. 
Compared to full size QWERTY keyboards, half-keyboards have the advantage of 
being smaller coupled with the disadvantage of a steeper learning curve. The makers of 
FrogPad claim 40 wpm typing speeds can be reached by a trained typist in 6-10 hours of 
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practice. FrogPad does not have a power switch so putting it into a pocket or otherwise 
stowing it might cause some keys to be pressed accidentally. FrogPad costs $176 for the 
wireless version (plus $35 for the USB Bluetooth dongle for the host PC), $99 for the regular 
USB wired version. 
4.1.1.3 SenseBoard 
Figure 7. The SenseBoard input device and charging base station (far right) 
The SenseBoard [3] from Senseboard Technologies is technically not a keyboard at 
all [Figure 7]. It is actually two sensor rings which are placed over the user's hands. These 
rings measure the flexing of the tendons in the top of the hands. By measuring the amount of 
flexing, the SenseBoard can determine what key would have been pressed if the user's hands 
were on top of a keyboard. SenseBoard is approximately 3.7 inches long by 1.2 inches wide 
by 2 inches tall. SenseBoard weighs less than 2 ounces per hand unit which makes it light 
enough to be worn at all times. A pause function is available to prevent the user from typing 
unwanted keystrokes while they are engaged in other activities. SenseBoard is wirelessly 
connected via Bluetooth to the host computer. 
One of the advantages of the SenseBoard is that the keyboard only exists in software 
so the layout can be changed at will, if desired. Also, by only measuring the tendon flex of 
the hands, the SenseBoard allows users to type anywhere, without requiring a flat surface. 
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One of the disadvantages of the SenseBoard would be the lack of tactile feedback. 
Additionally, there is no way for a user to look and see what keys they are pressing so this 
device would only be useful for an experienced touch-typist. 
4.1.1.4 Microphone 
Figure 8. Wireless headset microphone 
Using a simple microphone and some speech recognition software, a user could enter 
text by dictation. The wireless headset from J abra [24] is one of a multitude of wireless 
Bluetooth-enabled headsets suitable for this purpose. The BT250 model from J abra is shown 
in Figure 8. It weighs 0.8 ounces and is designed to fit over the ear. The talk time for this 
model is rated for 5 hours with a 2 hour recharge time. 
While compelling in theory, the quality of current speech recognition systems still 
needs work. Today's commercially available speech recognition systems require the user to 
first "train" the system by reading long passages of text. Typically, training the system 
requires about an hour of dictation. The system is then configured for that user only, and its 
performance will be severely degraded for anyone else. In addition, noisy environments can 
be problematic for speech recognition systems. These issues can be mitigated by using a 
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smaller, command-based grammar, which makes the speech recognition more robust, but it 
limits the type of text that can be recognized. Usually a command-based grammar will not 
be able to perform full speech recognition, reducing the possibility of dictating free-form text 
such as emails or other notes. 
Regardless of quality, speech recognition systems have the inherent drawback of 
being noisy. Taking notes during class, for example, would be impolite with a speech-
driven wearable computer. Besides being disruptive in quiet environments speech 
recognition systems compromise the user's privacy, since anyone near the user can hear what 
they are doing. Also, performing relatively simple tasks like scrolling through text in a 
window would require the user to constantly utter commands to the computer. Finally, along 
with the other devices mentioned thus far, this method of interaction does not provide any 
means for pointer control. While keyboard shortcuts could be used to do many tasks, some 
tasks would be impossible such as using a paint or drawing program. 
The Jabra wireless headset microphone retails for $99.99. This solution would also 
require a good speech recognition software package such as Dragon NaturallySpeaking from 
Scansoft [ 10], which also retails for $99.99. 
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4.1.2 Combined Text and Pointer Input Devices 
4.1.2.1 Twiddler 
Figure 9. The Twiddler chording keyboard front (left), back (middle), and holding posture (right) 
The Twiddler [Figure 9] from HandyKey Corp. [4] is one of a handful of keyboards 
that fall into a category of "chording" keyboards. A chording keyboard is one in which 
multiple buttons are pressed at once and then released before the final letter is assigned. A 
common example of this type of keyboard is a court stenographers keyboard [Figure 1 O]. 
- t\Jumber Bar 1111 1111111-Upper Bank 
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Figure 10. A court stenographers keyboard and key layout 
The Twiddler is approximately 5 inches long by 2 inches wide by 2 inches deep and weighs 4 
ounces. The Twiddler can be used with either hand and comes with a Velcro strap which 
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attaches it to the user's hand. It connects to a PC via the PS/2 keyboard port or can be 
connected via USB with an optional PS/2 to USB adaptor. There is no option for a wireless 
Twiddler. The Twiddler has a built-in IBM Trackpoint for pointer control. The trackpoint is 
located on the back for easy access with the user's thumb. 
Like half-keyboards, chording keyboards are optimized for size. They are smaller 
than standard keyboards because they do not need all of the keys. Typically, they are even 
smaller than half-keyboards because they use buttons instead of the standard keyboard-sized 
keys. The main advantage of the Twiddler and other chording keyboards is their small size. 
This allows them to be easily stored in shirt or jacket pockets. Another benefit is the ability 
to assign arbitrary commands or text to a chord. There are over l 000 possible chords all of 
which can be assigned to any desired letters or strings of letters. The main disadvantage of 
the Twiddler and other chording keyboards is the steep learning curve. The keyset has been 
reduced to a point that it no longer bears any resemblance to a standard keyboard. This 
removes any possibility of skill transfer, even a skilled touch-typist would have to go 
through a rigorous learning phase. According to a study at Georgia Tech, after twenty 20 
minute practice sessions (over 6 hours total) the average typing speed of a novice user was 26 
words per minute (WPM) [6]. A follow-up study showed that an additional 8 hours of 
practice was needed to bring typing speeds up to 56 WPM [7]. Touch typing is arguably the 
most complicated widely-learned physical interface, and few people will willingly relearn 
such a complex skill without compelling motivation. The Twiddler retails for $199. 
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4.1.2.2 AlphaGrip 
Figure 11. The AlphaGrip input device front (left) and back (right) 
The AlphaGrip [5] from AlphaGrip, Inc. is a two-handed keyboard that has a size and 
form similar to many console gaming controllers. The AlphaGrip is approximately 5 inches 
long by 5 inches wide by 3 inches deep and weighs 9 ounces. AlphaGrip connects to a PC 
using a USB port. AlphaGrip has the look and feel of a chording keyboard but is actually 
large enough to hold all of the keys so that chording is not necessary [Figure 11] . The 
AlphaGrip also provides pointer control in the form of either a thumb joystick or a thumb 
trackball. Similar to the Twiddler, the AlphaGrip ' s keys can be programmed to output 
strings of text or macros. Currently the AlphaGrip is wired, although theoretically the USB 
port on the back could be combined with USB wireless card and some form of battery power 
to make it wireless. Even though chording has been avoided, the key placement is not 
similar to any keyboard so there would be little skill transfer even for touch-typists. The 
makers of AlphaGrip claim text input speeds of greater than 50 wpm after 50 hours of use. 
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AlphaGrip's large form factor prohibits the user from putting it in a pocket. Other stowing 
options might be possible, including attaching it to a belt with a clip or Velcro strip or 
putting it in a backpack or carrying bag. The familiar shape might reduce some of the culture 
shock of using a wearable. AlphaGrip is just now (as of March 2005) coming to the market 
and has a pre-launch sale price of $99. 
4.1.2.3 Personal Digital Assistant (PDA) 
Figure 12. A Dell Axim X35 PDA 
The PDA in Figure 12 is an Axim X5 model from Dell [26]. The Axim is 3 inches 
wide by 4.6 inches tall (4.8 inches including the wireless card) by 0.59 inches deep and 
weighs 4.8 ounces. Like all modern PDAs, the Axim offers a color touchscreen (320x240 
with 16 bit color), several function buttons, expansion slots for wireless or storage cards, and 
a stylus. This particular model comes equipped with 64 MB of SDRAM. The memory is 
used for both program storage and memory for running programs. The memory is managed 
automatically by the operating system. The operating system on the Axim X3 is PocketPC 
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2003 from Microsoft. The Axim X3 is powered by a 400 MHz Intel XScale processor. The 
Axim also has a built-in speaker and microphone, an up-down scroll button, an infrared port, 
a Secure Digital expansion slot, and a type II CompactFlash slot. Although initially a PDA 
has no means to input text or control the pointer of another computer, programs have already 
been written which extend this functionality to the PDA. Remote Desktop [27], PC Remote 
Control [28], and VNC [29] are all programs which let a user control a PC with a PDA. 
Once connected to the host PC, via either a Bluetooth connection or with a WiFi 802.11 
connection, the software can be used to control both the pointer as well as input text. The 
PDA comes with several modes of text input by default. These include an on-screen 
QWERTY keyboard, a letter recognizer similar to Palm' s Graffiti [30] and a free-form 
Transcriber. Additionally, there are many other text input programs that can be added to a 
PDA (these will be discussed in Chapter 6: Input and Control). The fact that PDAs are 
relatively common (over 7 million units sold in 2004 according to Gartner, Inc. [31]) 
suggests that there are many people who are familiar with the input modes of the PDA. 
Using a PDA as an input device would also serve to reduce the culture shock of using a 
wearable. On the downside, a PDA needs to be powered on before it can be used. This time 
can vary from PDA to PDA but generally takes about 3 seconds. The battery life of a PDA 
depends on many factors, but the main factor is the screen. If the screen is on and fully 
backlit, the operational time for a Dell Axim is less than 2 hours. Reducing the backlight to 
half the normal brightness extends the battery to over 4 hours. If the PDA is in standby mode 
or the screen is off most of the time, the operational time is extended to almost 12 hours. The 
recharge time is 2 hours for a full recharge. An additional drawback is that a PDA is a two-
handed device. Finally, the delicate nature of the electronics coupled with the relatively 
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high cost of purchasing a PDA would make many users hesitant to use one in the rain or 
other harsh conditions. The Dell Axim X3 currently retails for $264 [as of March 2005]. 
4.1.3 Pointer Only Input Devices 
4.1.3.1 Micro Trac mini-mouse 
Figure 13. The Micro Trac in normal use (left) and activating the middle mouse button (right) 
The Micro Trac mini-mouse [8] is a miniature mouse that uses a thumb trackball for 
pointer control. The mouse has 3 buttons and comes in either PS/2 or USB models, no 
wireless models exist. The mouse is 2 inches by 2 inches by 3 inches and weighs about 2 
ounces. The device is held like a gun; squeezing the "trigger finger" provides a standard left-
click [Figure 12, left]. The buttons on the top of the device provide middle and right mouse 
clicks. Trackball devices require less desk space (none, in this case) than mice, but are less 
accurate [25]. The device is small enough to be put into a pocket, however, there is no way 
turn the mouse off so putting the mouse in a pocket would inevitably move the pointer on the 
screen. This could be frustrating in a focus-follows environment, especially if an auto-raise 
feature is enabled. Furthermore, the location of the middle and right mouse buttons makes it 
difficult to click these buttons without accidentally moving the mouse with the thumb [Figure 
12, right]. The Micro Trac retails for $59. 
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4.1.3.2 Bluetooth Optical Mini Mouse 
Figure 14. The Bluetooth Optical Mini-Mouse 
The optical mini-mouse from IOGEAR [9] is a standard optical mouse reduced in 
size and combined with a Bluetooth transceiver to provide wireless connectivity [Figure 14]. 
The device measures approximately 1.5 inches wide by 3 inches long by 1 inch high and 
weighs about 2 ounces. The mouse is recharged using a USB cable. This mouse has a power 
switch allowing the user to conserve battery power by turning the mouse off when not in use. 
There is no mention of how long it takes to reacquire the Bluetooth link after being powered 
on. There are many optical mini mice on the market and they all have the same drawback: 
they require a flat surface to be used. This may be acceptable for people with laptops but for 
the truly mobile user it is a hindrance. This mouse retails for $69.95. 
4.1.4 Text Input Summary and Evaluation 
T bl 1 I a e nput d . ev1ce matrix comparison ta bl e 
Device Text Input Pointer Wireless One-handed Pocket-sized Programmable Typing speed Learning time Cost 
Wrist PC •. I' ? ? $379 
FrogPad v I 40wpm 8 hrs $210 
Sense Board v I v v 40wpm 0 hrs ? 
Microphone .. 1 I ,1 ,I' 105 wpm 1 hr $198 
Twiddler ./ I v 26wpm 6 hrs $199 
PDA " v 
, v I' 22wpm 1 hr $291 
AlphaGrip v •./ I 50wpm 50 hrs $99 
Micro Trac .. 1 v v 20wpm* O hrs $59 
Optical Mini •./' ,l v v 20 wpm* O hrs $70 
*The text entry times for these devices is based on the known speeds of text entry using an on-screen keyboard 
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Feature for feature, the only two devices that measure up are the Twiddler and the 
PDA. All of the other devices have significant problems of one form or another. That is not 
to say that they would not make good input devices at all, only that they would not work well 
to accomplish the goals for this project. For example, all of the devices which do not have 
any means for pointer control were immediately ruled out. In an application where the user 
is controlling the wearable via command prompts or a menu-based system these devices 
might be superior choices. The same could be said of the pointer-only devices in a graphical-
only application such as a 30 augmented reality program. 
The ergonomics of the devices could also play a role in the selection process. 
However, to the author' s knowledge, repetitive strain injuries (RSI) have not been evaluated 
for any of these devices. Some genera] inferences could be made based on existing RSI data 
and known anthropomorphic data, but because most of these devices could be operated from 
a variety of postures it would be difficult to quantify the degree to which these devices would 
affect a user over a sustained period of use. 
Of the three devices that offered both text input and pointer control the AlphaGrip 
was the cheapest. However, the large size of the device coupled with the steepest learning 
curve of all the devices ruled the AlphaGrip out. The choice between the remaining two 
devices, the PDA and the Twiddler, was difficult indeed. The one-handed usability of the 
Twiddler combined with its instantly usable nature (as opposed to the PDA which would 
need to be powered on before use) made this device a top contender. In fact, the initial 
decision was to go ahead with the Twiddler as the input device. It wasn't until after initial 
experimentation with the wearable was done that the choice was made to use a PDA instead. 
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There are three main reasons for switching to the PDA: 1) The Twiddler was difficult (but 
not impossible) to learn. This fact alone weighed very heavily because the goal of this 
project is to create a wearable solution that would be acceptable for an average user. The 
steep learning curve of the Twiddler would be a daunting task for an uninitiated user. 2) The 
Twiddler was wired. This was an extremely frustrating annoyance. Countless times the cord 
would get caught on the edge of a table or the arm of a chair. While the cord did guarantee 
that the Twiddler would never be forgotten in an office or left on a table somewhere, that was 
only a small comfort. 3) The pointer was difficult to control when walking. The initial 
thought was that this would be an easier method of pointer control because the thumb does 
not need to move much to use it, thereby stabilizing the movement when mobile. In practice, 
however, the ability to use fine-tuned selection control was just not there. In order to be able 
to select small targets, the pointer speed needed to be slowed down to its slowest setting. 
Even with the MS Windows "enhance pointer precision" option enabled, which applies an 
acceleration curve to mouse movements, selecting small targets like menus was very 
frustrating. Keyboard shortcuts were used when possible (using Alt-F4 to close a window 
for example). This helped alleviate some problems but not all menus have keyboard 
shortcuts. Also, trying to draw in a paint program was exceedingly difficult. Finally, 
gestures would be possible with the PDA but would be almost impossible with the Twiddler. 
Gestures have the ability to reduce interaction time and screen clutter by allowing the user to 
perform complicated actions by scribing simple strokes with the stylus [39]. Given these 
drawbacks, the choice was made to acquire a PDA for use as the input device. 
4.2 Display Devices 
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There are many devices which could be used to display information in a mobile 
setting. These include devices such as cell phones, PDAs, mini-PCs, tablet PCs, laptop 
computers, and finally, specialized head-mounted, display-only devices. Except for the last 
one, all of them need to be taken from a pocket or bag and turned on before they can be 
used. In order to meet the goal of constant data availability, only devices of the last type 
were considered. 
When reviewing the various available devices, there were many considerations that 
came into play. The main factors were size, resolution, and cost. Secondary factors included 
method of mounting and using the display, the display's weight, and its power consumption. 
There could also be differences in the brightness or clarity of one display over the other, but 
evaluating these factors would require that every device be purchased and then compared 
side-by-side. This would have been extremely time-consuming and, more to the point, 
financially impossible. Therefore, the selection of display was made primarily based on the 
differences between the specifications of the different displays. A secondary consideration 
was given to user feedback of displays in online forums and websites, however, this 
information was not comparative between displays so its value was not particularly 
significant. 
There are many head-mounted displays (HMDs) on the market. Almost half of them 
can immediately be eliminated through one simple consideration: Are they transparent? If 
the user cannot see their environment while they are wearing the HMD they have no hope of 
walking around with it on. Therefore, non see-through devices, such as the iGlasses shown 
in Figure 15 were immediately removed from the list of displays being considered. 
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Figure 15. The i-Glasses from iO Display 
The remaining displays are summarized in Error! Reference source not found. . Of 
the displays listed the Nomad [38] is the only display that doesn't use LCDs as its display 
technology. Instead, the Nomad uses a laser to draw the image directly onto the user's retina. 
The result is an ultra-crisp, ultra-bright display that can be seen easily even in the brightest 
daylight, with the drawback of only having one color. The LE-500 from LitEye [64] is also 
worth mentioning. It is the only device which can be operated in see-through mode or 
opaque mode. The display has a "shutter" on the front of it that can be opened or closed as 
necessary [Figure 16]. This could be advantageous, especially if the display is difficult to 
read in bright sunlight, or for an extra measure of privacy. 
Figure 16. The LE-500 from LitEye open (left) and closed (right) 
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Another notable display is the EG-8 Integrated display from MicroOptical [13]. It is a 
developmental display (not available to the general public) that is built directly into a pair of 
glasses. It is this type of display that is most often referenced in the literature and in general 
articles about wearables as the "display of the future. " [71] Another interesting feature of this 
model is that the video signal for the display is provided over a Bluetooth wireless link, 
separating the glasses from the computer. This is a significant advantage, as it allows the 
user to carry a computer in a bag or backpack without the need for a cable to connect the 
display. 
Perhaps the most interesting display is the M920 model from Icuiti [65]. It connects 
via a Type II CompactFlash slot, PCMCIA, or VGA cable to any PDA or laptop computer 
and can display at 640x480 with 16 bit color. Using software drivers provided by Icuiti, a 
PDA running PocketPC can double its resolution, going from 320x240 to 640x480. The 
M920 runs for about 4 hours on 2 AA batteries. The only possible complaint would be that 
despite its "headphone-style" appearance it actually has no option for sound. This would 
seem like a natural extension given the design of this display. Nonetheless, had this display 
been available at the start of this research project it would have been a top choice. 
Instead, the display chosen for this project was a model from MicroOptical Corp. 
The model used (C0-3) is no longer in production, but had the same specs as the SV-6 
[Table 2] except that it uses four times as much power ( 4 watts vs. 1 watt for the SV-6). 
The market for these types of displays is extremely volatile. Searching for available 
displays is rife with dead links (out of business companies) and discontinued models. It can 
be taken as a sign of the instability of the wearable computer market in general, and the 
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microdisplay market in particular. Needless to say, when cost is a major factor in the 
decision of which display to use, it turns out that there is little choice after all. 
Table 2. Dis la device com arison chart 
Nomad Microvision 800x600 ? 23°x17° 6 bit 60 Hz $3,000 
Personal Monitor AlbaTech 263x230 1.3 oz. 18. 75° ? 23.15 Hz ? 
ProView S035 KEO 800x600 2 oz. 28°x21 ° 24 bit 85 Hz $8,500 
LE-500 Lit Eye 800x600 ? 28° ? 85 Hz ? 
EG-8 Integrated MicroOptical 320x240 2 oz. 100 12 bit 60 Hz $8,000 
SV-6 MicroOptical 640x480 1.25 oz. 16° 18 bit 60 Hz $1 ,995 
M920 lcuiti 640x480 3.5 oz. 26° 16 bit 60 Hz $799 
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4.3 Wearable Computer Units 
Given the numerous input and display device choices for wearable computing, one might 
expect there to be a correspondingly large selection of wearable computer units. Even though 
there are over a dozen units on the market that claim to be wearable computers, well over half of 
these are focused, application-specific computers such as barcode scanners [72], inventory 
control systems [35], or specially designed computers for unique situations [36] . While the 
classification of "wearable computer" is still appropriate to these devices, they can only run 
software specifically designed for them therefore they have no use as a general wearable 
computer. Of the remaining units there are only 3 manufacturers of pre-packaged, general-use 
wearable computers. 
4.3.1 Xybernaut 
Figure 17. Mobile Assistant V (left), MATC (center), XyberKids (right) 
Xybernaut [32] offers three wearable computers: Mobile Assistant V (MA V), Mobile 
Assistant Transferable Core (MATC), and XyberKids. MA V [Figure 17, left] comes equipped 
with a 500 MHz Intel Mobile Celeron processor, 128 MB RAM, 5 GB hard drive, 
CompactFlash, USB, and Firewire ports. It can be configured with either the Windows or Linux 
operating systems and has an integrated Digital Signal Processor (DSP) for compute-intensive 
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applications. It is the most ruggedized of their three offerings making it a good choice for 
application settings where the user expects to be operating outside or in conditions where the 
computer might get bumped such as on a factory floor or against metal railings. 
The MA TC is a unique offering in the wearable world. It is a wearable computer that has 
a removable "core" . The CPU, memory, and hard drive are consolidated into a unit that can be 
separated from the rest of the wearable [Figure 17, center]. This seems a little strange for a 
wearable computer, considering that wearables are supposed to be small enough to carry 
anywhere to begin with. In their product brochure they talk about being able to use it to do 
design in a desktop environment and then take it out to the field for on-site analysis, similar to 
using a laptop with a docking station. With laptops, a docking station can be a useful piece of 
hardware as it allows a user to take advantage of a larger display or more ergonomic keyboard at 
a desktop station. It just seems odd then that they decided to split apart an already small device 
in the name of convenience. 
The XyberKids wearable computer is designed for children with disabilities. It is 
basically the MA V unit put into a backpack coupled with a touchscreen display for input and 
output [Figure 17, right]. Given the powerful nature of the computer and the general usability of 
a programmable touchscreen, this computer would be a good option for anyone wanting to use a 
wearable computer, assuming that privacy is not a major concern. For instance, this computer 
could be handy at trade shows, allowing a sales rep to show new products and interactive demos 
to people without being chained to a booth. 
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4.3.2 Quantum3D 
Figure 18. Quantum3D's THERMITE 
The offering from Quantum3D [34] is ruggedized wearable computer designed 
specifically for military applications. It sports a 1 GHz CPU, 512 MB RAM, an NVIDIA 
GeForceFX 5200 graphics processing unit supporting direct video capture as well as output to a 
variety of video formats. It can run either the Windows or Linux operating systems. It has a 
sealed case and can be operated in harsh conditions. The powerful, ruggedized nature of this 
computer is typical of a military-driven specification (MILSPEC) and the cost reflects this. 
While this computer could certainly operate any general purpose program on the market, its high 
cost and even its input and output connectors make this computer an exclusive tool of the U.S. 
Armed Forces. 
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4.3.3 Charmed 
Figure 19. The CharmIT wearable computer 
The CharmIT from Charmed Technologies, Inc. [33] is a general purpose wearable 
computer with a decidedly homebrew look and feel. It is powered by an 800 MHz Transmeta 
Crusoe processor, 256 MB RAM, a 20 GB hard drive, a Chips and Technologies 69030 video 
card, a Brooktree BT878 video capture card (optional), either connection, sound card, 2 USB, 
and 3 COM ports. The newer models also have PCMCIA slots. The CharmIT can be configured 
to run either Windows or Linux operating systems. The CharmIT is not particularly pretty 
looking, but is useful in a research environment where it may need to be taken apart or otherwise 
modified. For this reason, the CharmIT was selected as the wearable computer for this project. 
4.4 Applications 
There are few applications in existence that are commercially available and 
specifically designed for wearable computers. Of the currently available applications, none 
are designed for end users. The software from Carena [37] (software originally written by 
Xybernaut) is designed for aircraft maintenance technicians. The software from Microvision 
[38] is barcode scanning software designed to work with their Flic portable barcode scanner. 
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This is yet another sign that wearable computers have not yet gotten past the Innovators in 
the Technology Adoption Life Cycle. No companies have written software for the end user 
because they could not find a market for them. 
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CHAPTER 5. CONCEPT AND DESIGN 
The main goals of the research presented in this document are to design and develop a 
wearable computer system that can used with little or no training and can be used in a wide 
variety of application settings. The main obstacles that need to be overcome to reach these 
goals are: 
• Input devices (keyboard and mouse) must be designed for maximum usability with 
minimal training, with the latter having the higher priority. 
• Applications must be designed to allow users to easily transition to a wearable 
computer by allowing them to retrieve any current stored content as well as provide 
them with access to new content. 
• The wearable computer itself must be designed to be minimally obtrusive to user's 
outward appearance. 
5.1 Input Device 
Initial experimentation with the Twiddler [4] verified its reputation [6,7]. As an input 
device, the Twiddler is powerful but its learning curve was steep, and we decided it was too 
complicated for general use. To replace the Twiddler, a Dell Axim PDA was acquired for 
use as the primary input device. 
The PDA has many advantages over the Twiddler. The PDA promised natural text 
entry and excellent pointer control with a minimum of obtrusiveness. The PDA has a 
touchscreen which can be used to control the pointer in manner similar to a touchpad on a 
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laptop. The PDA also has a selection of built-in text entry modes, any of which can be used 
to control the text input to the wearable. In addition, downloading new types of text entry 
modes is common for PDA users, which will give users some choice in the particular mode 
of text entry that they find easiest to use. Perhaps, users will find that different text entry 
modes work better for different situations. For example, the on-screen QWERTY keyboard 
requires no training to use, but the buttons are small which might be difficult to use while 
walking. On the other hand, the letter recognizer is more forgiving to use while walking but 
the input rates are slower than the on-screen keyboard [40]. Besides being completely 
programmable the PDA also has its own display which could serve as a way to show 
information on the wearable to a group of people. 
However, before the PDA could be used, a software/hardware interface between the 
PDA and the wearable had to be developed. Where the Twiddler was usable right off the 
shelf, the PDA would not work unless a program was run on both the PDA and the wearable 
to allow the two devices to communicate. 
An easy solution to this problem would be to use a remote control program like VNC 
[29]. VNC allows a user to interact with a remote computer by repeatedly sending 
screenshots of the remote computer to the user. When the user interacts with that image, 
those interactions (text and pointer) are then sent back to the remote computer. After a short 
delay, the user will see the changes that the interactions made. In this fashion a user can 
interact with any computer regardless of physical presence. 
5.2 Application Design 
49 
The applications that the wearable can run will include any program that can 
normally be run on any Windows or Linux computer with an 800 MHz processor and 256 
MB RAM. While some high end games, graphics programs, and other design tools will not 
run, everything else from internet browsers to email programs will run without a problem. 
To take advantage of the constant data availability a wearable computer provides some 
additional applications will need to be written. The two main problems that need to be 
addressed is access to old content and access to new content. The user should be able to 
quickly access any previously stored information, as well as have a means of acquiring new 
information, regardless of location. 
One proposed application is a peer-to-peer desktop search program called the Tangle. 
This program is currently being developed at Iowa State University's Virtual Reality 
Application Center. It allows a user to search for documents, emails, and internet browser 
bookmarks in a manner similar to any other desktop search program. What sets it apart from 
other desktop search programs is the ability to search designated friends as well. The idea is 
to create a network of high-content, searchable archives. While this is useful in itself, the 
real benefit for the wearable computer user is the Tangle's ability to let a user log on at the 
same time at multiple locations. A user can be logged on at home, on the wearable computer, 
and on a work or lab computer all at the same time. A search from one location reveals 
documents and files on all computers. This merges the user ' s disparate data sources into a 
seamless integrated data store, creating a heterogeneous computing environment that extends 
all the way back to the desktop. 
While the Tangle provides a means to access old content, a program is needed that 
can provide access to new content. This program will need to be designed to accommodate 
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both the limited resolution of the wearable display and the problem of intermittent network 
availability. What is needed is a program which can capitalize on the limited network 
availability by downloading data in bulk and then presenting it to the user in a continuous 
fashion. This will create the illusion of constant network availability by providing the user 
constant access to new information. The way in which the information is presented will also 
need to be carefully considered. The small resolution will limit the amount of data that can 
be presented at once and the user's limited cognitive ability will limit the amount of 
information that can be visually processed. In addition, the fact that the user is mobile can 
create a hazard for the user if their attention is purposely directed toward the display at an 
inopportune time such as crossing a busy street or approaching a staircase. Because the 
computer cannot know when the appropriate times to divert the user's attention are, the 
assumption must be made that the user is always in an environment when they should not be 
interrupted. Therefore, the presentation of the information must never interrupt the user. It 
can only be provided in a background fashion, allowing the user decide when or when not to 
view it. The mode of displaying information used in this project is called the Scroll. It 
presents information to the user in the "news ticker" style. Information is slowly scrolled 
across the display, pausing for a period of time between items. The information can be color-
coded by source to allow the user to see at a glance what type of information is currently 
being displayed. It can be assumed there will be situations when the user glances some 
important information but cannot immediately attend to it. In a situation like this there needs 
to be some way for the user to go back and view previously presented information. This way 
the user does not feel compelled to attend to it immediately for risk of losing it. 
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5.3 Style and Comfort 
With the computer needing to be carried at all times and the display always worn, 
some effort must be made to make the computer as comfortable as possible. The display 
should be as lightweight as possible and the computer should be stowed in a way that least 
interferes with normal routines. Because this was an academic research project, a book bag 
seemed like the natural choice as the carrying bag for the computer. A pouch was sewn into 
the book bag to hold the computer and peripherals and holes were provided in the pouch to 
allow heat to escape. Also, the batteries were located in an accessible area so they can be 
changed with relative ease. 
52 
CHAPTER 6. INPUT AND CONTROL 
Our first attempt to realize the solution described above involved loading remote control 
software on the PDA and the wearable computer, in this case, a high-compression version 
called TightVNC [ 42]. The VNC software was loaded on the wearable and a PocketPC 
viewer client program [41] was loaded on the PDA. The two devices were easily connected 
using the wireless network cards. Upon connecting, the wearable was successfully controlled 
with the PDA, allowing the user to open and close programs, surf the web, check email, etc. 
[Figure 20]. However, after a very short period of time it became obvious that the VNC 
solution had some serious drawbacks. 
The first problem was related to the differences in display resolution of the two 
devices. The resolution of the wearable computer was twice that of the PDA which meant 
that only a quarter of the screen could be seen at any time. Thus to use the PDA the screen 
needed to be constantly scrolled vertically and horizontally. This in itself was not ten-ibly 
inconvenient because the user was focused on the wearable display and did not need to look 
at the PDA to use it. If the mouse on the wearable display stopped moving, that was an 
indication that scrolling was needed. The 4-way directional button on the PDA was then 
used to scroll the PDA display in the required direction, and the mouse was then able to 
move to the desired location. This was all accomplished without looking at the PDA. 
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Figure 20. Viewing the wearable desktop on the PDA 
The real issue was the second problem: network lag. The wifi network connecting 
the wearable and the PDA was simply not fast enough to provide a real-time interactive 
experience. The pointer on the wearable would move jerkily across the display and when 
an application window was moved the PDA would not update for another second or two. 
The problem was worse when a new window was opened, requiring a completely new 
desktop image to be sent across the wireless connection. 
Setting the two devices to use ad-hoc mode instead of using an existing wireless 
network was no help. Even with the highest compression settings the system was simply 
too slow to be used as a long-term solution. Perhaps 802.1 lg network cards (not 
available for the PDA at the time) would make this a more usable solution. 
It was obvious that sending the graphics data across the network was creating a 
bottleneck. The solution was to write a custom client/server application that did basically 
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the same thing that VNC did, but without sending graphics across. We based our 
solution on an existing PocketPC remote control application for which source code was 
available [42]. The source was modified to allow it to coexist with the PocketPC version 
of Tangle. 
The application was extended to incorporate click and drag functionality. Click and 
drag is necessary for moving windows and icons, to do drag-and-drop, and to draw. 
While the preferred method would allowed users to "tap-and-move" on the touchscreen, 
there was no way to differentiate this action from the normal action of selecting (tapping) 
or activating (tapping twice = double-click) and then moving. Click and drag was 
therefore implemented by mapping a hardware button from the PDA to the left mouse 
button. Click and drag is accomplished by pressing and holding this hardware button 
while moving the cursor. The screenshot for the new interface can be seen in Figure 21 . 
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Figure 21. PDA control screen full view (left) and with text entry mode active (right) 
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This new interface was superior in speed and responsiveness compared to the VNC 
solution and provided a usable input and control mechanism. The pointer control is 
intuitive and easy, functioning exactly like the touchpad of a laptop. Text is entered 
using the standard text entry modes on the PDA. The letter recognizer mode (similar to 
PalmOS' Graffiti) can be seen activated in Figure 21, right. The hardware scroll button 
available on the PDA was mapped to the up and down arrow keys to allow the user to 
scroll a window's contents. This proved to be a handy feature because it avoided the 
need to use the scroll bars in any application window. 
A screenshot feature was mapped to one of the hardware buttons on the PDA 
allowing the user to capture a snapshot of the wearable' s display for viewing on the 
PDA's display. This extended the utility of the PDA, allowing the wearable user to share 
his eye display with a group of people. Passing around the display from the wearable 
computer is cumbersome, but a PDA can be very naturally exchanged. Because the 
resolutions are different sizes, a scroll feature was added to the PDA. The user needs 
only to drag a finger across the display to move the image in that direction. 
Another possibility for using the display of the PDA would be to map all dialog boxes 
or menus to the PDA. Thus, instead of having to navigate the mouse to a small target on 
the wearable display, the user would simply need to press the button on the display of the 
PDA, a much easier target. A problem that would arise with this setup would be how to 
notify the user that their attention should be directed toward the PDA. Otherwise, they 
might spend time staring at the wearable's display while the PDA is waiting for a 
response. A simple audio alert could be used, although forcefully diverting the user's 
attention could be dangerous. This idea is discussed more thoroughly in section 7 .1. 
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One problem that came back again was a problem with the network. This time the 
problem was not lag but interference. If the wireless network was extremely heavily 
loaded then the interference caused so much lag that the system was basically unusable. 
This amount of interference was never anticipated but was realized at a wearable 
computing conference when the meager 802.11 b network was so full that just trying to 
get connected was hit or miss. A solution proposed by another member at the conference 
was Bluetooth. Bluetooth is a short-range wireless protocol designed for situations where 
wires want to be avoided and the distance is never more than a few meters. 
This option seemed reasonable so 2 Bluetooth adapters were purchased, a 
CompactFlash version for the PDA and a USB version for the wearable [73, 74]. After 
the two devices were connected the solution worked as expected. The connection never 
experienced other problems related to interference, although both wifi and Bluetooth 
technologies operate in the 2.4 GHz band so in the right situations interference might 
again become problematic. However, because Bluetooth connections are point-to-point, 
the problems associated with an overloaded router will never be an issue. 
The Bluetooth solution provided an added bonus, the original problem of being able 
to detect an external network was now solved. Because the PDA and wearable were now 
connected with Bluetooth, the 802.11 card in the wearable could be dedicated to 
connecting to external wireless networks. After an external wifi network was located 
and connected, the wearable and the PDA could both share that connection by using the 
Internet Sharing feature of Windows XP (a similar feature is available on Linux). 
One concern that was shared by many Twiddler users at the conference was the 
"instant-on" problem. Unlike the Twiddler, the PDA takes a few seconds to power up 
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and subsequently connect before it can be used to do anything. Some reviewers 
suggested this time would be a barrier to efficient wearable use. 
With these concerns in mind the time to establish a working connection between the 
PDA and wearable was measured. The PDA itself takes 2 seconds to turn on. It takes 2 
more seconds for the PDA to initialize the Bluetooth card. After the card is initialized, 
the Bluetooth Manager is available. There is some navigation time to get to the 
Bluetooth Manager program (about 1 or 2 seconds). It takes another 2 seconds for the 
Bluetooth to connect. The wearable computer monitors the System Event Log to know 
when the Bluetooth is connected. (This was necessary because unlike a wifi adapter a 
Bluetooth adapter doesn't really even "exist" until it is connected, so there is no way to 
bind to it to listen for network traffic.) After the Bluetooth connection is established on 
the wearable it takes another 2 or 3 seconds for the wearable to bind to the new address. 
Then there is a long 30 second pause on the PDA waiting for it to "realize" that the 
connection is established. After this happens the remote control application can be run, 
which takes another 3 seconds. Finally, almost 50 seconds later, the PDA is connected 
and can be used to control the wearable. 
For obvious reasons, a 50 second delay is simply unacceptable every time a user 
wants to interact with the wearable. The solution to this problem is to leave the PDA on 
in standby mode with the Bluetooth connection always connected. After a single 50 
second "boot time", the PDA can be used or put away in a pocket. Once connected, the 
PDA simply needs to be pulled out of a pocket and can be used straight away. This 
reduces the time to use the PDA to the time it takes to retrieve it from a pocket, making 
the PDA and Twiddler almost the same in terms of time-to-use. 
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Another problem with the PDA solution that doesn ' t exist for the Twiddler is battery 
life. The standard battery of the PDA is only rated for 5 hours of continuous use but an 
extended battery can boost that time to 8 hours. With the PDA being constantly on and 
the Bluetooth always connected the battery life could be severely reduced. Fortunately, 
Bluetooth is much more energy conservative than wifi , another benefit to using 
Bluetooth. In tests conducted with this configuration, the PDA would last for over 11 
hours with Bluetooth connected using the standard battery. The PDA was mostly 
inactive during this period, allowing the screen to switch to its 10% backlight mode and 
the CPU to switch to its power save mode. Since the batteries on the wearable computer 
last 7 hours 30 minutes, the battery life of the PDA will not be the limiting factor. 
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CHAPTER 7. DISPLAY AND INFORMATION ACCESS 
The applications provided as part of the wearable solution are a major component in 
determining the overall solution's value. In designing a general purpose application suite, 
there are many factors that come into play. Display resolution, human cognitive ability, and 
information overload are a the major constraints affecting wearable application design. 
7.1 Display Resolution Limitations 
Figure 22. An ideal view through the microdisplay. Note how even in an ideal view the clock in the 
system tray is almost unreadable. 
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Figure 23. A screenshot taken of the same view as in Figure 22. 
One of the major shortcomings is the resolution of the display. The display of the our 
wearable has a resolution of only 640x480. Most applications are almost unusable at this 
resolution. Figure 22 is a picture of what the display looks like when the display is perfectly 
centered in front of the users eye. The entire screen is centered and viewable. Even in this 
ideal situation, the clock in the system tray is almost unreadable. However, most of the time 
the display is not perfectly centered, causing one or more sides to be cropped, resulting in the 
image in Figure 24. This cropping has a significant impact on usability, making the window 
is difficult to close using the pointer unless the display is re-centered. 
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Figure 24. A typical view through the microdisplay. Note the taskbar and the 'X' to close the window 
are both obscured. 
While the user could still close the application from the File menu, a more 
convenient solution to this common problem is to assign a hardware button on the PDA to 
close the current application window. Centered or not, the display's resolution is extremely 
limited when compared side-by-side with a desktop display [Figure 25]. Note how much of 
the web page is actually displayed in the microdisplay. There is not even enough room to 
show the body of the article. 
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Figure 25. A comparison of displays. Note the microdisplay (top left) is not able to display the body of 
the article without scrolling. 
Figure 22 also helps illustrate another common problem of microdisplays: brightness. 
The display is not particularly bright and can be difficult to read in bright sunlight. A 
solution is to choose high contrast colors. Another option is to use the "Bright" switch on the 
VGA converter box, which converts the display to black-and-white and doubles the 
brightness. While this helps solve the problem, it is difficult to incorporate this solution in a 
user friendly way. The VGA converter box must be located in an easily accessible area. If it 
is located with the rest of the computer somewhere in a bag it is going to be tedious to open 
the bag, locate the converter box, and flip the switch. For our configuration, choosing high-
contrast colors is the more robust choice, coming at the cost of decreased flexibility in 
application design. 
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Font selection is another application design decision that must be critically reviewed. 
Again looking at Figure 22 it can be seen that the smaller fonts are basically unreadable. For 
instance, the text on the "Search" button is not legible. When walking, those small fonts and 
even the slightly larger fonts ("A look back at the life of') can be unreadable. 
Font size is not the only consideration. The font style also has a large impact on 
legibility. Fonts without serifs (Arial, Tahoma, Verdana, etc.) are far more legible at low 
resolutions than those with serifs (Times, Courier, Palatino, etc.). This is due to how 
much "information" is conveyed in a particular font [45] . Some fonts have thick and thin 
strokes. The fonts with serifs generally, but not always, have thinner thin strokes [Figure 
26]. This reduces the amount of information that reaches the eye making the serif fonts 
generally harder to read. 
ABC ABC 
Figure 26. Times New Roman (left) has thick and thin strokes making it more difficult to read than Arial 
(right) on a limited display. 
Another drawback that effects all serif fonts, are the "feet". The feet of a serif font 
creates a stronger "baseline", but in a small display, this effect makes the letters hard to 
visually separate. A better font choice is a sans serif font, without kerning. Kerning is a font 
adjustment that places some letters closer together so that all the letters appear equidistant. 
On a limited resolution display, this conflicts with legibility by "cramming the letters 
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together". Legibility is enhanced by not using kerning or reduced letter spacing [Figure 27]. 
This makes the font take more space which is at odds with an already limited display space, 
but legibility must be given the higher priority. 
Given the difficulty in reading small fonts on a limited display, it might seem 
appropriate to use uppercase letters. UPPERCASE LETTERS HA VE FEWER SIZE AND 
SHAPE CUES WHICH ACTUALLY MAKES UPPERCASE LETTERS HARDER TO 
READ [45]. Other type-based highlighting options are Bold or Italics. Italics are harder to 
read because the slant of the letters makes them appear lighter (thinner). Bold text is the best 
option for legibility on a limited display because it enhances the size and fill of the letters, at 
the cost of being able to put slightly less text on the screen. 
This is 12 point Times New Rom an without kerning E.f.\ V.lAf.l 
This is 12 point Times New Roman with kerning MW.AU 
Thi.·.· 1s 16 point Tunes Ne\v Ronrnn \vithout 1-ernin .~ H.~j._\Y:':':\U 
T111s is 16 point Ti1nes Ne\\· Ronrnn \vith 1-erning f.I.A.\V~"\U. 
This is 12 point .Arial without kerning HA.WA.I.I 
This is 12 point Ari al with kerning HAVVA.IJ. 
This is 16 point Arial \Vithout kerning .HAW.AU. 
This is ·16 point Arial with kerning .HAWAU.. 
Tilis i~: 16 point Tun~: Ne\vR01ua11 \vithre(lttced letter spacitlgR~\\~jJ.J 
This is ·16 point Arial \vith reduced letter spacing .HA\N.A~ .1 . 
THIS IS ·16 POINT ARIAL IN ALL CAPS 
This is 16 point Arial in Italics typeface 
This is 16 point A1·ial in Bold typeface 
HAW.All 
··················· ······ 
HAWAff 
HAWAII 
Figure 27. Font sample showing effects of point size, letter spacing, and typeface on legibility 
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Color is another option that interface designers have. Adding color is handy for 
highlighting certain areas or making chunks of text stand out better. Adding too much color 
or coloring the entire display generally does not add to legibility and in fact colored text 
appears smaller to the human eye than the same text in black [45]. 
There are exceptions to the rule, of course. For example, white text on black 
background is less legible because the letters appear thinner and smaller. However, if the 
user is in dark environments the white-on-black scheme can actually be easier to read 
because it eliminates the high change in contrast when the user shifts visual focus from the 
display to the environment and vice versa. Therefore, the environment that the system is 
operated in can have a large effect on legibility. Because the operating environment might 
not be known in advance, testing should be done in differing conditions such as bright 
daylight, overcast, indoors (both fluorescent and incandescent lighting), and dark 
environments. 
Color is useful for directing a user's attention to the appropriate area of the display. 
This should not be confused with blinking. Blinking text, buttons, title bars, or other objects 
forcefully draw the user's attention. This may be appropriate in a desktop environment, but 
in a mobile environment it is at odds with the user's safety, where distracting the user can 
mean the difference between a safe walk down the stairs and hours of surgery followed by 
months of painful rehabilitation. Color has the same effect of drawing the user's attention 
but in a much more passive regard. The color acts on the user by drawing their eyes to the 
most important items only after the user has chosen to view the display. 
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Audio can be used in many situations in place of blinking text. Audio has the 
advantage of not shifting the user's visual focus to the display. Although audio only shifts 
the user's attention and not their visual focus, this distraction may be enough to cause 
problems for the user when they are engaged in other tasks [23]. Therefore, when used to get 
a user's attention audio should be used sparingly. 
There are other situations when using audio is advantageous. These are situations 
when the user's attention is already directed at the display. Audio can be used to present new 
information or augment existing information. Audio can even be used to reduce screen 
clutter. To reduce screen clutter, highlight sounds are played when a user clicks a button. 
Sounds are played on mouse down, mouse up, and if the mouse moves off target (non-select). 
The aural action reinforcement allows the buttons to be made smaller [46]. 
7.2 Human Cognitive Limitations 
Human cognitive abilities are limited in both processing and storage. This is familiar 
territory and there is a plethora of literature dealing with this issue in relation to computer 
application design [51, 52]. However wearable computer applications present a special case 
because unlike most computer applications, wearable users may be mobile when using the 
application. As a consequence their cognitive resources may be already taxed with the chores 
of walking (physical) and navigating (visual and mental), as well as processing the various 
background visual and auditory noise that are unavoidable in most indoor or outdoor 
situations. 
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All of these external events are competing for the user's limited cognitive resources. 
In order for the wearable computer to be a valuable addition to this milieu, it must take all of 
these potential cognitive loads into account when presenting information to the user, or risk 
overloading their cognitive resources. This is an active area of research in wearable 
computing known as context-aware computing. Generally, context aware computing 
solutions outfit a user with a battery of sensors (mies, cams, light and temperature sensors, 
GPS, digital compass, etc.) which allow the computer to identify the characteristics of its 
operating environment and modify information presentation accordingly.[47, 48, 49]. 
Our solution takes a simpler path. Sensorless, the wearable is unaware of changes in 
its operating environment, so the only option is to reduce the application's cognitive demands 
as much as possible. We might think of the application's cognitive demands as ranging 
from a minimum of zero, with no information presented, to a maximum of l 00, where the 
screen is continuously filled with rapidly changing, high contrast, blinking information. Our 
interface goal then is to design an interface that provides as much information as possible 
while maintaining a score far closer to 0 than 100 on this scale. 
Because the display space of our wearable is so limited it might be tempting to fill it 
up with as much information as possible -- to "take advantage" of all of it. After all, how 
cognitively demanding can a 640x480 screen be? However, when considering all the 
different ways of displaying information (fonts, colors, images, etc.) and attracting attention 
(blinking, motion, etc.) even a small display can create a significant cognitive load. 
To make the point, consider a page from the popular "Where's Waldo" series. While 
the size of the page is the same as many other books, finding Waldo can take an inordinate 
amount of time. Imagine how much more difficult it would be to find Waldo while 
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simultaneously walking down a city street. It's remarkable to note how cognitively 
demanding a static image can be. Looking now at the wearable computer, if we couple the 
avenues of presenting information (visually, aurally) with the possible variations in those 
mediums its easy to imagine an application that would attract and hold the user's full 
attention, with a potentially disastrous impact on the user's safety. 
7.3 Application Design 
7 .3.1 The Scroll 
With these constraints in mind, the task of creating a useful general purpose wearable 
solution focuses on providing the user with access to the largest amount of potentially useful 
information in the least demanding way. 
The application challenge is to present a steady stream of useful content with as little 
distraction as possible. This is admittedly a bit contradictory. Most desktop applications are 
designed to alert users when new information is available. For example, Email programs 
alert the user when new mail arrives. IM programs alert the user when buddies come online. 
CD burning programs alert the user when the burning process is complete. In short, many 
desktop programs are actively trying to grab the user's attention in order to present a valued 
piece information to them. But in a wearable scenario, while we want to provide access to 
valuable content, distraction is out of bounds. 
The solution to this contradictory problem revolves around the constant nature of the 
display. Since the display is always on and always available, information display time is no 
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longer at a premium. Because information can be constantly presented the need to alert the 
user that any particular information is available is less pressing. 
Our solution is The Scroll, modeled after the stock ticker display on a trading floor, or 
more recently, the news tickers that scroll beneath 24 hour news broadcasts. The Scroll is 
configured to retrieve information from user-defined sources and display that information 
one item after another in a continuous loop. The Scroll uses high contrast colors and large 
sans serif fonts in order to be easily read, and does not blink, flash, or otherwise attempt to 
distract the user. 
Unfortunately, even accessing the content to present on a mobile computer presents a 
challenge. Given that wireless networks are by no means universal, an internet connection is 
by no means guaranteed at any given time, and even when a connection exists, it may be 
extremely fleeting. So the information retrieval and presentation application must take 
advantage of the constancy of the display and yet minimize the disruptive effects of sparse 
network connectivity. Desktop paradigms are not instructive, as they assume constant 
connections. Activities like surfing the web, purposefully checking emails, chatting on IM -
all of these applications would be frustrating to use while mobile because the user will never 
know where, when and for how long an internet connection will be available. 
Our approach to this challenge is to reduce the interactivity of the application. The 
Scroll is designed to download information from identified sources en masse, whenever an 
internet connection is detected. This information is cached and displayed to the user serially, 
in a slow scrolling fashion. The display' s limited resolution means the entire text of any 
information item can rarely be provided. So instead, information is provided in "bite-size" 
pieces, giving the user a sample of the content. If the user finds a sample interesting, the full 
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text can be read by navigating to the source of the content (usually a web page), or a cached 
version of the full text. 
11.•t I l·I l '1 I 11 ll •L•l~I 
I II ·I 1• 11 l Sony Mav Open Stores, Worrying Retailers (AP) 
AP - Few people took notice when Sony Electronics Inc. opened a tiny 
storefront last year here at South Coast Plaza, a swanky mall south of 
Los Angeles . 
Figure 28. Initial attempt at designing a scrolling information application 
The initial attempt at creating the application can be seen in Figure 28. While it looks 
perfectly legible in print (and on the 15" monitor it was originally developed on) it is quite 
unreadable on the wearable's display. The font is too small, the blue gradient interferes with 
legibility by decreasing the contrast, and the lack of different font sizes made it hard to 
distinguish between the items. There were many revisions of font style, color, and size, the 
second version is shown in Figure 29. 
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and a dropdown appears that not only allows you to pick 
-N-ot-o-nli-ne--~-t1• from common queries that match what you typed so far, it 
Waiting for connection. .. 
IP 0.0.0.0 
even shows the number of hits for those ueries - ve 
Figure 29. The second version of the scrolling information application 
As can be seen the fonts are larger and bolder, the gradient is only present in the title 
of each item, increasing visibility of the body of the text and simultaneously increasing the 
delineation between items as well as giving the user an indication of the type of information 
on the screen at a quick glance. One problem that was tricky to solve was the color of the 
title text of each item. According to Color Theory [53], colors that are complimentary will 
stand out when placed next to each other. So the item's title color was chosen to be 
complementary to the colored background. Unfortunately the text does not "stand out" as 
much as hoped and even appears blurry, especially noticeable with the orange/blue 
combination of weather item. Also, it should be noted that combinations of red and yellow 
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were also tried, but user tests indicated such a display felt too much like the computer was 
trying to convey a "warning." Its hard to describe but is easy to understand when looking at 
the display. A bunch of purple, green, and blue items would go by. When the yellow/red 
combination showed up it stood out so much that it felt like it was screaming for the user's 
attention, something that needed to be avoided. See Figure 30 for an example. 
Res et Battery Timer I 
Stop News 
Screenshot 
Exit 
I Email 
to1 News 
P Weather 
to1 Stocks 
1: :3 
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4i.o - - - - - - - - - - - - - - - - - - - - - - 4:00pm Date: 2/23/2005 
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AP - Microsoft Corp. finally debuted its own Web search 
technology on Thursday, hoping to challenge Google lnc.'s 
long dominance of the field with results tailored to a user's 
location and answers from its Encarta enc clo edia. 
IP 0.0.0.0 
Google Suggest rocks! Type in the beginning of a query 
and a dropdown appears that not only allows you to pick 
-N-ot-o-nli-ne---~ .... . from common queries that match what you typed so far, it 
even shows the number of hits for those ueries - vm 
Figure 30. The red/yellow item feels like its trying to convey a "warning" 
The colors of the titles were eventually changed to black, making them more 
prominent and easier to read. The final color selection can be seen in Figure 32. Even though 
the black-on-purple looks difficult to read in print, the display of the wearable has a washed-
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out purple, essentially making purple look more like a pink. This an example of why it is 
crucial to test the colors and fonts on the actual display device being used. 
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Figure 31. The final color selection of the Scroll 
Color coding the items allowed users to see at a glance what types of information 
were being displayed at any given time. Using only peripheral vision, users could easily 
determine if the visible items were all news or contained a stock update or new email. 
The Status Monitor on the left side of the display also went through several revisions. 
The most notable changes were: the battery timer at the top, indicating the approximate life 
of the wearable ' s batteries, the IP address and online indicators, allowing the user to see if 
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they were currently connected, and the time and date with larger font sizes and color chosen 
for easy readability. The checkboxes allow the user to determine which types of information 
will be presented. 
The order of the information items is not set. Instead, the item categories are each on 
their own separate timers, allowing more transient data to appear more often. For example, 
this application was designed with four information sources: emails, stock quotes, current 
weather, and news items pulled from RSS feeds. The items are all separated by one minute 
intervals, and it takes about 5 seconds for the scroll event to completely finish. Email was 
deemed the "most important" and so it was given a counter of 15 minutes. That means every 
15 minutes the system would check for new emails and display them. Stock quotes were 
next with a 20 minute interval. Weather was assumed not to change too quickly, but still had 
some importance, so was given a 30 minute interval. Finally, news items were seen as the 
"filler", and would be displayed whenever there were no more of the other items to be 
displayed. The news items were pulled from a collection of about 10 different RSS news 
feeds. This gave well over an hour of content to display. Therefore, news items only needed 
to be checked about every hour for new content. 
Accessing the full text of the news item or responding to an email is easy. The user 
simply clicks on the item of interest and the appropriate interface is created. For emails, this 
interface is a form containing the senders name, subject, and body of the text. The user can 
begin typing a reply immediately and then send when finished. If an internet connection is 
not available the message will be added to a queue of items that will be sent when the 
internet connection is available again. For news items, stock quotes, and weather reports, 
clicking on the item starts a web browser which navigates to the correct URL to retrieve 
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more detailed information about the item. If the internet is not available, then naturally there 
is no way to view the detailed information. In theory, it would be possible to cache contents 
of all of the web pages that are referred to in all of the news items as well as current stock or 
weather information. The stock and weather information would become less valuable over 
the course of a day, but the news information would probably still be relevant. This idea was 
never implemented though because it never became an issue during development and testing. 
The area around the Iowa State college campus is riddled with wireless internet drop points, 
so finding an internet connection was rarely difficult. Caching web pages would be an easy 
extension to the application, several programs exist to perform this function [75, 76]. 
7 .3.2 The Tangle 
Our solution views the wearable computer as an extension of the user' s personal 
computing environment, an environment that includes portable computing resources and one 
or more stationary computing platforms persistently connected to the network. These 
stationary platforms are where the majority of a user' s digital assets are kept. The user' s 
personal files, emails, contacts, bookmarks, music, videos, research files, current projects, 
and other digital archives are assumed to be stored on these stationary personal desktops. 
From the user's point of view, the wearable computer is an extension of their desktop 
environment, and as such it should allow the user access to new information while on the 
move. 
Our conception is to utilize the wearable computer as a mechanism to integrate the 
user' s resources and to give the user continuity across their digital domain. The Tangle 
provides this continuity by allowing a user to access any of their stored data from any 
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computer. The Tangle indexes a user's separate data stores into a searchable archive, giving 
the user access to their entire digital collection from any device or location. 
Indexed search has proven its worth as an information retrieval mechanism. It is 
almost impossible to use the Internet without it. Search engines such as Google have 
dramatically improved information access by indexing billions of web pages to create a 
single searchable archive. Searches are performed on this archive and the matches found are 
displayed as links to the original content. 
This is an effective method for reducing the amount of information that a user needs 
to look through. Unfortunately, the collection of documents on the web is so large and 
diverse that thousands of irrelevant matches are also returned. Many attempts have been 
made to mitigate this problem [58, 60]. The easiest thing for a user to do is to add more 
specific search terms which shrinks the list of matches [59]. 
In the past year, efficient indexed search has also made its way to individual 
desktops .. By indexing a user ' s hard drive an archive of the user's documents can be created. 
Searches on this archive are more productive than Internet searches for three reasons: 1) the 
collection of documents is smaller, consequently fewer irrelevant matches will be returned, 
2) the collection of documents is familiar to the user therefore search terms can be chosen 
that have a high probability of matching the documents of interest, and 3) the collection of 
documents is one the user has personally assembled so the value of the information retrieved 
is high. This third point is the most important. Typically, the documents on a user's 
computer have been saved because they have meaning to that user. In other words, the 
documents are personally valuable, and are information-rich with respect to that user. The 
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searchable archive created when a user's computer is indexed has a high content of valuable 
information and a correspondingly low content of irrelevant information. 
Files and documents are not the only source of valuable information on a computer. 
Consider when an old computer is replaced with a new one. There are many things that are 
immediately missed: saved files and documents, emails, saved IM conversations, web 
browser history and bookmarks. All of these are valuable sources of information and all of 
them can be added to the user's archive. As each new source is added the information 
content of the archive increases. Within each of the aforementioned sources there are further 
breakdowns that could be filtered to provide useful information. For example, it might be 
useful to be able to search only within email attachments or perhaps to search within a 
particular thread of an email conversation. 
Web page bookmarks can be a useful source of information but web pages are 
extremely transient. One report estimates the average lifespan of a typical web page to be 
100 days [61]. Therefore it can be useful to not only index the bookmark but to connect to 
the web page and index the content as well. This idea is commonly known as caching. It is a 
feature that is available on most major internet search engines and is the approach that has 
been taken with the Tangle as well. 
Finally, there are the files themselves. Each file type might have specific information 
within it that could be useful. For instance, document files have just text, html files have text 
as well as a markup language that might hold useful information, and MP3 files have ID3 
tags that describe the artist, album, song title, etc. All of this information is latent in the files, 
i.e. , the user does not need to spend time augmenting every file with extra information, it is 
already contained in the file. 
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Adding content to the Tangle is straightforward. The user simply chooses which 
folders they want indexed. Indexing can be a time-consuming process but can be done in the 
background without affecting the computer's resources to any critical degree. Furthermore, 
once a full index has completed the user can choose to run an incremental indexing instead. 
An incremental index uses less resources and finishes faster because it only needs to check 
for deleted, updated, or new files in the chosen directories. Since the majority of files will 
not have changed between indexings the process completes much quicker. 
Tangle implements many of the features found in the new desktop search offerings 
created by Google, Alta Vista and Copernic, but it has a significant enhancement that no 
other personal indexing engine provides - an enhancement particularly well suited to 
augment a wearable solution. Tangle's indexed search is not restricted to a single device. 
Using private peer to peer networking, Tangle allows a user to create a distributed digital 
archive, across all of the user's computing resources, and then efficiently search that archive 
to retrieve information from anywhere. A user running Tangle on their wearable, desktop, 
and PDA, can store and retrieve documents seamlessly between all of these devices. 
In addition, if Tangle is installed on common machines, such as a lab computer or 
data server, a user would simply need to logon with their username and password to add the 
server' s resources to their collective digital archive. Once a result has been found the file can 
be transferred with ease using a peer to peer protocol. 
A Tangle user can also add other Tangle users as friends or "buddies", similar in 
nature to most instant messaging applications. A typical Tangle network is shown in Figure 
32. Once a friend has been added, that friend ' s archive can be searched as well. This allows 
the Tangle user to build a network of high content archives. Files in a friend's Tangle may 
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not be as useful because the user is not familiar with them. However, they are nonetheless 
high content files because they represent a collection of files which has been attended to and 
kept because of their value. 
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Figure 32. A typical Tangle connects all of a user's digital resources and can be connected to other 
Tangle users as well. 
One critical aspect of Tangle friends is the idea of trust. Unlike the peers in a typical 
file sharing service, friends are not anonymous. Just as in a regular instant messaging 
program, friends are added because the user has had previous contact with them. They are 
known individuals and for that reason there is a level of trust associated with them. They 
may be research colleagues, coworkers, or family members. In every case, there is some 
common thread that brought them together. The Tangle exploits that common thread by 
allowing friends to exchange files without intervention. 
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For example, two research colleagues will probably have similar interests and 
therefore they may find bookmarks of interest or other files of use. Tangle reduces the 
energy necessary to exchange that information. Perhaps it might come up in casual 
conversation, " .... oh yes I have a some good information that relates to this discussion. Try 
searching my Tangle for 'graphics' and 'interface' and 'usability"'. 
In addition to search queries, other Tangle users can browse their friend's folders, if 
desired. Files can also be arbitrarily sent to and retrieved from friends; permission is not 
needed to send or receive files. While this may seem like a security risk it should be kept in 
mind that there an implied level of trust between Tangle users. If for some reason this trust is 
not borne out the "friend" can be easily removed from the Tangle friend list. 
Even though there is an implied level of trust it is assumed that there may still be 
some files which are considered private and should never be revealed to other Tangle users. 
Examples of this include financial data, encryption keys, and other sensitive information. 
Tangle allows for this with the notion of public and private archives. Tangle users can 
specify which folders are public and which are private. Files within private folders are 
marked as private when they are indexed. A search or browse from another Tangle user will 
not return results from private folders. There are other sources of information that are 
generally regarded as private and are never made available to other Tangle users. Emails and 
IM conversations are examples of this type of assumed privacy. Likewise, some documents 
are assumed to be public. Web pages are in the public domain therefore saved web pages are 
always public. Also, files that are sent or received are assumed to be public and are 
automatically added to the public section of the archive. Even though Tangle allows users to 
log on at multiple locations at the same time privacy is maintained. A Tangle user at home 
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that also has a Tangle running on their work computer can search both the public and private 
archives of both computers the same way they perform a normal search. 
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Figure 33. The Tangle searching interface 
Searching for and retrieving results is the main use for the Tangle so care was taken 
to make the interface usable. Figure 33 shows a sample screenshot of the searching interface. 
Searching can be done in a method similar to web searches. This was method was chosen to 
leverage the familiarity that users already have with typical search engines. Search terms are 
logically ANDed by default but can be ORed using the keyword OR. ANDing terms is a 
useful default because it allows users to add more terms to narrow the search. If the search 
terms are ORed the results list will grow with each new term added. Phrases can be entered 
by surrounding the phrase in quotation marks . Certain terms can be excluded by using the 
logical NOT operator. Wildcard searches can also be performed such as ' integrat*' or 
'inte?rate' which would return files that contain integrate, integrating, and integrated. There 
are many more types of searches that be made such as fuzzy searches, proximity searches and 
search term boosting. Results are shown in the familiar Windows listview control [Figure 
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33] that is common in Windows Explorer. Clicking on the column header sorts the results 
accordingly. Tooltips are presented after a short period of time which shows additional 
information about the file. Searching is not the only method of accessing the information. 
Browsing is common method of navigation for folders and so it was included as an 
alternative method for locating files. To further leverage the familiarity with web search 
engines, an Internet Explorer toolbar was added that allows users to search from an IE 
window. Results are presented in the browser with clickable links to the files [Figure 34]. 
Additionally, a "Remember" button is provided which allows a user to immediately add the 
current web page to the index. 
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Figure 34. IE toolbar allows users to do Tangle searches as well as add web pages to the Tangle 
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CHAPTER 8. HARDWARE STYLE AND COMFORT 
The style and comfort of a solution are difficult values to quantify by any means. A 
reasonable approach is to infer these attributes by comparing the solution with current social 
and technological trends. For example, devices such as cell phones, PDAs and portable 
music players have gotten steadily smaller and lighter; leading to the inference that small and 
light is desirable, i.e. it appeals to the consumer's sense of style and comfort. Therefore we 
should attempt to make the device as small and as light as possible. Although this is only a 
rudimentary measurement at best, it serves as one way of comparing one alternative against 
another. 
Another means of measurement might be convenience. Consider convergence, 
combining multiple functions into a single device. An example is the current generation of 
MP3 players, some of which support as many as 8 functions in a single unit (MP3 player, 
thumb drive, FM tuner, voice recorder, SD/MMC card reader, E-mail client, ID3 tags, 
language learning function) [62]. This can be viewed as a trend toward convenience: by 
putting multiple functions in one unit the product is now more convenient for users because 
they do not need to carry separate units for each function. 
With these guidelines in mind the wearable computer and its peripherals were each 
evaluated in terms of their "style and comfort" and adjustments or refinements were made to 
improve the device ' s style and comfort and reduce its visibility where possible. Because 
these terms are so subjective, the discussion is mostly limited to comparing and contrasting 
different possibilities, rather than making critical decision about one or the other. 
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8.1 Computer and Bag 
The computer used was a CharmIT from Charmed Technologies [33]. The complete 
set of hardware can be seen in Figure 35. Also visible in the picture is the display from 
MicroOptical Corp. [ 13] in the top left corner. Clearly the system, while small by laptop 
standards is not exactly what one would consider "wearable". The extra accessories -- like 
input controllers, batteries, wifi card, and VGA converter box -- add to the already sizeable 
footprint of the computer itself, dwarfing the form factor of current portable technology such 
as a cell phone or an iPod [ 66]. 
Figure 35. The complete CharmIT wearable computer package 
We found that the most practical way to "wear" this computer was to put the whole 
mess into a bag and then carry the bag. Charmed Technologies includes a bag with the 
package. The whole setup is shown in a bag in Figure 36, left . The only wires coming out 
of the bag are for the Twiddler input device (shown) and for the display (shown). The bag 
can be carried over a shoulder relatively easily. The setup is fairly neutral in terms of style, 
and would be adaptable to a wide range of situations. The computer can be seen in use in 
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Figure 36, right. While the package is definitely noticeable, at first glance one could mistake 
it for a fanny pack, purse, or a small book bag. 
Figure 36. The CharmIT wearable package in a carrying bag (left) and in use (right) 
Several features of this configuration do stand out however. There aren't many other 
devices that could be mistaken for the Twiddler, which is Velcroed to the user's left hand. 
The display attracts attention as well, completely blocking the right eye of the user from the 
camera, giving the user a kind of "cyclops" look. The wires for the two devices are also 
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noticeable, however, since the advent of portable music players, people sporting wires that 
connect them to devices have been a common sight. 
For a student at a university, this setup proved too cumbersome. The bag carrying the 
computer was already jammed with equipment. Carrying books and notepads and other class 
related materials required the use of a standard backpack. Instead of carrying around two 
bags, the computer was merged with the backpack to create a single bag capable of carrying 
both the computer and the class materials. The result can be seen in Figure 37. 
Figure 37. The backpack setup with display and PDA shown (left) and in use (right) 
Again the most noticeable items are the display and the wire to the display. In this 
configuration, the Twiddler input device has been replaced by the PDA, which perhaps 
blends in slightly better given the commonality of PDAs. Of course, each setup can only be 
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evaluated in terms of the environment in which it will be used. While the backpack 
configuration is ideal for a student, it probably wouldn't play well in a boardroom setting. 
8.2 Input Device 
Neither input device was an especially noticeable component of our wearable 
solution. The Twiddler is somewhat less noticeable than the PDA in that it only occupies one 
hand. But the Velcro strap, the connecting wires, and its unusual shape all contribute to its 
ability to "stick out" . Even though it requires two hands, the PDA's relative ubiquity makes 
it less socially visible. The protective flip lid is somewhat inconvenient. A sleeker leather 
case would probably have been a better choice. However, in terms of protection, the hard 
shell can't be beat. 
8.3 Display Device 
The display is the most prominent feature of the wearable solution. For most people, 
there is nothing even vaguely familiar about a wearable display. There is no other device 
currently on the market that protrudes from the side of a user's head like the micro display 
does. It is perhaps for this reason that many people point to the display as the device which 
requires the most work before wearable computers can be successfully adopted by the public 
at large [77]. 
Therefore, in our solution, we made a concerted effort to reduce the display footprint, 
and make it blend in with current fashion trends. Though the display itself is the same, we 
tried several different mounting methods. The original display mounting system can be seen 
in Figure 38. The glasses are non-prescription and serve only as a mounting point for the 
display. 
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Figure 38. Original display mounting eyeglasses 
An effort was made to make the display look a little more sleek by finding glasses 
that were slimmer. The result can be seen in Figure 39. The glasses used were found at a 
local utility store for $10. They are non-prescription sunglasses with a very light tint. The 2°d 
generation design was lighter and less visually intrusive, but it also tended to tilt under the 
weight of the display. In addition, it suffered from the same problem as the original setup; it 
was not suitable for people who already wore glasses, effectively forbidding them to use the 
wearable computer. 
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Figure 39. 2nd generation glasses design (left) and in use (right) 
In an attempt to address these issues, a third design was constructed. This design was 
constructed using a pair of behind-the-ear "street style" headphones [Figure 40]. This 
display design is superior in three ways. First, it allows users to wear either prescription 
eyeglasses or sunglasses while wearing the display. Second, it also provides sound to the 
user, allowing the user to use the wearable to do common entertainment tasks like listen to 
music or watch movies, or to provide information aurally to the user. Third, it provides the 
most unobstructed view of the user's eyes. The main drawback to this design is that the 
display tends to bounce when walking. (We corrected this using a baseball hat. When the 
brim of the hat touched the display, it became far more stable.) 
It is interesting to note that devices which protrude from the hip (cell phones, pagers) 
or are carried in the hand (cell phones, PDAs, handhelds) are socially acceptable. There is 
something different about the display attached to the head which causes an uncomfortable 
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social stigma. It could be related to the lack of eye contact. Eye contact has been shown to 
be 
Figure 40. The 3rd generation display front view (left) and side view (right) 
an important factor in human social interaction [79, 80]. Even though only one eye is 
obscured with the display that seems to be enough to negatively influence social interactions 
with wearable computer users. Steve Mann, a leading researcher in the area of wearable 
computing, noted this same sentiment: "Although the bulky computational and electronics 
hardware only minimally hindered social interaction when carried in a backpack, my display 
continued to create a tremendous social barrier" [63]. 
It is with great enthusiasm that wearable researchers wait for a "James Bond" type 
display which is seamlessly incorporated into a pair of glasses. The availability of such a 
display might have a significant impact on the spread of wearable computers. Prototype 
displays such as the one pictured in Figure 41 have been around in some form since 1997, yet 
the wearable computing field continues to develop slowly. 
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Figure 41. Prototype display from MicroOptical 
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CHAPTER 9. CONCLUSIONS 
The goal of this research was to design a wearable computer solution that would be 
easy to use and would provide general utility to a non-expert computer user. We wanted the 
solution to be as socially acceptable as possible, by being minimally intrusive in outward 
appearance and as affordable as possible with the current technology. The hope is that this 
would create a wearable computer solution package which could be adopted by the public at 
large, or at the very least, by Early Adopters. 
The wearable solution presented here incorporates several innovations ranging from 
wireless pointer control and text input to "attentionless" information display. The solution 
demonstrates their technical feasibility and usability. The text input solution is known to have 
almost no learning curve at the sacrifice of speed of text entry. The touchpad interface is 
known to be more accurate than mouse-based pointing, and users general familiarity with 
touchpads on laptops helps provide the necessary skill transfer. These innovations allow an 
uninitiated user to adapt to a wearable solution with almost no training. 
The application suite allows a user to use the wearable as a persistent information 
access device. For example, the Scroll presents a constant stream of new information without 
sacrificing the user's cognitive resources. Information is presented in the background and 
can be attended to at will by the user. The Scroll decreases the attention needed to monitor 
changing information sources, and decreases the amount of time needed to retain valuable 
information in the user's digital archive. Tangle provides searchable access to the user's 
digital archive from any of the user's computers, including the wearable. Tangle fuses all of 
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the user's digital content into a single, searchable archive. In addition, Tangle allows the 
user to create networks of personally valuable content archives that can be searched and 
browsed for valuable information and exchanged with others using the same mechanism. 
Yet for all their apparent utility and mobility, wearable computers have still not found 
widespread acceptance. The reasons for this are not entirely clear but several key issues can 
be identified. We believe wearable computers are still in the Innovator stage of Moore's 
Technology Adoption Life Cycle. For them to cross into the next segment, the Early 
Adopters, they must offer a compelling value proposition, by delivering completely new 
services or improving on the value proposition of currently available solutions, 
We believe the most formidable obstacle to the future success of the wearable 
computer is the current success of the laptop computer. The laptop is an integrated unit, 
offering computing power and storage comparable to desktop PCs, in a convenient and 
portable form factor that takes roughly the same space as a couple of books placed side by 
side. The mass production of laptops has driven their price down to just under $1000 for a 
well equipped machine [81 ]. The price difference alone is a major obstacle to mainstream 
wearable acceptance. Whether the market is Fortune 500 companies with annual revenues in 
the billions or the lowly end user with annual salary of $SOK, it just doesn't make financial 
sense to pay the wearable premium until the wearable reward is high enough to offset the 
cost.. 
Price is not an insurmountable hurdle for wearables either. Given that the current 
generation of laptops retail for around $1000, wearables may develop from the integration of 
a reasonably priced, mobile eye display. Prevalence of these displays might be enough to 
push users past the social stigma of wearing an unruly looking device on one' s head. 
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The convenience of integrated eye displays would be further enhanced with the 
elimination of wires. A microdisplay coupled to a laptop via Bluetooth, powered by a long-
lasting rechargeable battery might make a compelling offering. Display manufacturers such 
as MicroOptical are hard at work on these solutions, but the current cost of MicroOptical' s 
EG-8 prototype display ($8K) [67] shows that a commodity version is still quite far off. 
Product marketability is an atypical subject for academic research. However, if the 
goal for wearable research is to widen the usability of this technology, then wearable solution 
marketability should be considered since ultimately the market is what drives the technology. 
In the case of wearable computers, we believe that wearable computers can only achieve 
broader market acceptance based on their ability to provide services or functions that satisfy 
user needs in a usable form factor. While the miniaturization of technology seems to 
guarantee the inevitability of the form factor, the future development of usable and 
compelling functionality delivered by wearables is less clear. 
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CHAPTER 10. FUTURE WORK 
Given the ambitious scope of this project, it should be no surprise that there is a 
correspondingly large number of ways in which this research can be extended and improved. 
What follows is a few of the improvements which are needed the most. 
Input and Control 
While in general the integrated PDA solution was a good solution for input and 
control, there were several minor inconveniences that could be addressed. Some function 
keys (Fl - Fl2, Alt) could not be entered and some add on input methods (like the SPB Full 
Screen Keyboard [78] , for instance) did not work properly. Pointer control was in general 
good, but some enhancements that standard touchpads provide would have been helpful. 
Most touchpads provide a means for dragging a window, usually by using a touch-touch-drag 
operation. Our implementation mapped this operation to a hardware button, which provided 
users access to the functionality, but using the button in this way was not intuitive and did not 
match user expectations. While the PDA solution proved very effective as an input and 
control method, these subtle improvements would make the solution even more robust. 
Application Issues 
The application suite was functional, and gave a good indication of the systems 
general usability, but there are many areas where they could be enhanced. One of the most 
problematic areas was the use of Tangle to transfer files across firewalls. Integrating 
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automated network configuration tools to simplify interaction across firewalls would improve 
overall usability and make Tangle accessible to a broader class of users. 
Web caching offline content was another glaring omission. Given that wireless 
networks are at this point far from ubiquitous, making the Scroll application cache the full 
text of each item whenever the unit was connected would facilitate offline access during 
network downtime. 
General System Behavior 
There were many features about the operating system in general that could use 
tweaking. The major problem was with the wireless network card. It needs to be able to 
connect to open hotspots immediately, and without confirmation from the user. Also, the 
fonts were often too small to read easily. Even with the Large Fonts option enabled, this did 
little to help with web pages and other fixed font issues. An easy solution was to use the 
magnifier that is part of Windows accessibility suite. It provided just the right amount of 
magnification to read the smaller fonts. A better solution would be to map a special 
magnification feature to either the scroll button or a regular hardware button. A function that 
has multiple levels of magnification (e.g. lx, 2x, 4x) would probably work very well. 
Finally, XP itself was a poor choice for this system. The original computer shipped with 
Windows 2000, which is much easier in the memory department. With only 256 MB RAM, 
XP ran pretty slow, but was tolerable. 
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System Extensions 
The wearable Tangle platform can be extended endlessly. For instance, consider the 
cost of a GPS unit, now around $100. The chips themselves can be bought for around $15. 
As prices continue to fall , adding a GPS unit to a wearable computer becomes increasingly 
more viable. The addition of GPS enables a whole host of location-based services never 
before available. These include giving Tangle the ability to record your physical location, as 
well as the locations and identities of your friends. A location enabled ubiquitous computer 
can construct real-time maps scaled to the rate of travel. Retrieval from information sources 
can be accessed in location sensitive ways easing access to weather maps, astronomy charts, 
restaurant selections, internet hotspot locators, etc. 
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